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LTdJlpd.. yTo^LJ' ^jb^LTl—wj (^o^dJ J^jjJsb' ^ylTAJAjL 

■ l-i^jdjjy^ ^Sjjûjuo^J jjS L^ 

jduuj ^yjuuil^ ^jJuiT (SjSi oşdu ^J (jwoJjLoLÎ ^JOi 

ijLujjjU dij^.^ djL9^f^^jj’ ^i_r^dj ^sj^u’ ^ii—o^ 

JyLL> o^dû^l jSSi £-Lwu ,jb l-jj-j^yS’ ^LojdJdT ijdjfe ^yijuuJl^j 
I*d_j SjşS ^Lo^dJ (^dibûL-uuJ \j oş\j\j «)d_> ^_> .d-jjj 0 bd_ro^djuol^dj 

^LJIyi' ^o^uyfd_> 0 L_j ^joj ^jL-^Li j—jSjoş cd_uj 0 bd_To^)duol^)d) 

J^L> fcj->jj\S £j oLj^^T ^jjAjjl j sS^ 

0 Ljj y£±jşS ^yj^jj^d) joildj o^djuJjL^j 0 LjI^ ^jj^ lJ>dTd>lSjj djLo^jdJ 

.^5j_jo-Sl-S j—i 0 L_»^bö ^S ^.\jp f (50^1^1^) I -S^yi'L&l jd_J L_>' o^djuujuuyi 

d. SjdJb^dŞdJ ^jsj |^Sj j^t) ajj IjdjJjifjjj d_uöT jod_j ^jI^o^dJ 

JLodX ^LT^djjj ^Ljuoj-T ^jdib^ds ^plpjt j pSop ^j LTdjj SjşS djuujujl^ 
IAj \±ppS y^j Lo^jdJ (^djbûûuuJ Ij o^l j\j ^dj ^j ^y'duLj'dj o^y^f^o^ doLj 

. o^djdj^l^T j-Luu 

djo^dj ^yLoj ^djuu duo^^o^ djjjT jodj |ûljjjl^ ^o^dj 

jO^>1 jl^-jJb ^o^ljjdJb o^djuûLjjujl^j ^,j.uf ^^dJ ^djL^uuTdT 

^jujj^^-T ^^-9^^j-o ^o^dj'LSÛ ^j—> (5-Sjy.S' ^djLjojûLT (^SjJuJdJ' 

^J vS-S^—MJ ^O^d-_iwj^io ^yL-Awjl^j ^ AAjL r ySŞ —^ °-^^ ^yLo^—î 
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jj-Luu^S jLSdjAdj 
. 




^odJbjddT c dj > L^ ylyLS'di' v.jukA) Ij ^ooj^)<X_wu LLjuuljj ^ooj^)<X_wu 

o^)dJb ^TdjojjL j Lj. juuj Ij jL^opSjj .QjjLjuujl^ ^o^d-ij^ j 0 I JJd_^ 

pppjjp&Ç t,iik j ^ijld_TdT djLiL julajj ^ydjjbL wu^Lwu 50^! jûit^ojj ^jL> û 

y£j\—û\j . 0 L_)bl^ jûj. juujl j ^jöLob . o^dJ'LS'o-J L-J^ « ST jJ ^yi'^d-S'lc^.S 
^J (3-j^^juu ^ 0 dSj ^jLTdjjj^jdj yS'o^b' JIjmjşjjjj ^dwudJ djo^di SjS^S 
C^ y LwuiS'dj dî^j-o (^SLwuuuo ^Lilyi' c^ y LwuJI^iLijjbl^ ^Lilyi' .yjjSijOş 

d_SJdj . iXJd_ opS Û^LLj 3 jj^o ^yd-jjb' ^Sjj^ d_> d_jjj i "k- wu o^j dj 

jj'L_ ij 3jj_^o yj% juÛljuo (^ik. juuil^j (j. j.jjS' ^ojd_j ûjj^Ld) djL wujc)di 

l^L—ilyi' jûj. woS ^jjjl^lj 9 (5Q^d i-SjJ '^jjj (55 wub popd jj^-Toj 

^d-jl^y^ djodib djdjb ^dj (50^dj|j-SjJ ^ 0 AjLSjd-wuJdJb y> (^dj bûûuuû \j 

(JJjLTIA OpS I j- obödjdl L^ )OÛ jj jjLibd_J ^-JOÛ (J. wu^yi l-V.,jjbjjdJ 

ydjLSjjj (yLwujl^j (^il^LTdJ j^ioû o^dwuLjj ^o^dj jjjjJbd) ^jllidib 

.^dTbi^-s 

(jjLS*d .i‘djL> <)d. )bjQj-S' fjyj _uuj Ij ^ojLjjO û djuuL mil j d. aaaS' jod. > 

^djjy^ *—fe.y) P> d ? J^-T (^jJLoySj 

(jjuo^d-j (51^>->2 c^yJiSLjuuoj (jbûLwujl^) (yijp—ijj joLfoû (jL-jjj' ^yLwubdj 
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p_So a (jtiJ^cL-JOjUaj . OJOJ jS j_S 

\ j ^jS fj-il—SISJj jcULjcL_^>.cU jjj _S jo a jjj—ui jj4__j i^gsjA S 

Oj%oejj 4 _î 4 jj <S f* 4 _j j ' j ^j ûj uOJ 4 j fj-jJc\S jcLuj L -Jt ^JO JLj \_l 4 j 

uSj jI^j 4 _j LjljOJ u-^-jjS (jLi 5 IjScL-j jj 4 _ûaS i" t JJ > -1 jJ jLLjjUj 

. _SLjj£ ^jScLjcGj^IjcLj JjjL-Lj f_jSojcUj ^jScLjcLS jjj-lcLl jLj Lca-iS 

5 -J :(jjj jj Jjjl^jOJ OJcLjujjj-ilJ jSLjLjjLjcV-j (jSÛjJLjcLj jcLScLj 

jjj_ SLxj ojJ_jjjSLLaGa-i jLşsSj_j jjcL-SÛj lSIcL-jojjLjJcl! _~o^ 4_i 


.OiJcLjjjLJ^ÖeJJ jLp>- jljcLA c50JcU ojLSLo- 

jj<L_>- fjjJjS unLj jJLjjGj jcLJbcLS cLjo^cLj c Laj l jS j%cLj L -Sc\jl: im 

ujLuGcLj jj—il jjoj j4_jj jj>- .cL-jIjlJclScl! c^ojLui (jScLjo jdjjjSLLaLj 

jojj! _» jJ_j jjjl-L__j f»Lşjj\_j oj4__!Ljcl! 4__jlj4jjjSLiiaLj jj _j 

JJ-LL-J CjLSu jLlwL-jcLj ojclJLjcL! j4_ji j j^j-j jJ_jLlSjoj 

L5jL. '< uuj-J 4 _ijjS f»4_j i_5j4_ilj . 4_jJJU 3_J . 1 $jSûjLjJ 4jL%jL>jOJ4j 
ujjl_uL ujjö-lo j4__j (beaker) j4_S_u jjl_ Soj oj4_j 

jjj\ i j jJI j f_^S4__joj4jjjSLiiaL JL4__> Lj4_jj i£ 5 j jj(j.\jScL_j 

j4_aSoJ u-j\ j ojS ijjojjl—a j_"-i jjLj 'jjjjL4__j jLû_ uxj^jlj4S 

jjjj-L-J f»Lei4_j 4_jLo=jUijia (jjLjjjS _g4SÛ-iiaL4j j_jOJ .4 _j4jSi 


jjj__j J4_!JJJ4S jOJjLa4__j 4 Jjj jJjSLjLj |_ x jOJ|_jj4_j j4—SLlujS 
IjJ 4 '<" »1 j4S _jl JJ jlS4_jjlSjjjaUj 4_uloej4j jj j j4__j -Oj4_ij jSLiiaL 
4_JjLjjj>j j_j -114-J4jj-gejj UJoj jj_jjjjsoj j!S4_j jjj4^jOJ j_J 
f_jS4_JOjjJjeJ p- )4_> glA JLmjS l-uLjS^J . jlSojjlL 4-i-iSLLLLLa 
. ojljj4_4lj |»4jLI^S fjŞ j jlS j- a j4_u4j 4 S 4j4Jb fjj4 jjOeJ -j 
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SÛjJJ 4 C JUj 4 Jb jjjTj 

jsJsJUjb ^j j u- jl jjj 

fgiltJL J 

Lc U ^j,4J w yj j lj ^ Jhl^ 




j 34 J 4 a_s ^_£dj\_j jD J 4 _ujS ^<A_j 

^yj—Lul jd jUaJ jL^ 3 —j . l>jc\_jl>jjJjS ^ ^3j 4 fj?d_jlSLjjS 

11 j_j IjJlj (^jL dQlta ilj 3 SD 3 jj L qutS ^on ilj t IJL44JbDJj4Jb 

(II J >» 3 !^ c 5 j 3 ^ jlJ 3 I cCLujjLj (jjLUtfljlj i^LuL lUlljIS 

^jISjJ, A I JL__44Jbd JjJ)J g\ < III llj jl jSLjDj 

3 (atom) aJbjj^S ^^jLijuklj j_Sd 3 uIlJljjIa l£ jjjL>»jtfLj 

4UajjIj ^L^SUj ^jjJUl jl k(cL>» j^jISöU^jj (j 3 ->» ^LuL i^ûjcLij jjj 
33 _J Ljl^jlS Ij 33 JJ_ilj (^tfUöJ<L-a/ 33 J ^a_j jLacU .^)\ScLxjual JLj 4 j 
l£jLxj!j ^jjj jbtSa-j Sjjj 3jjj_S a_uaS jlja_j < <<> ilj a_j 
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J J j IjlSLcjISûU iQjIi \j imj-1cLo«AS 4_j4Jb 0 oû JÛ \S ttij 1 ,_gû^Lj>- j4_lu4_i 
j>d_J JwLiiojAj 34-^41 .|j}_94_SLi '~< juOJ ^jjlJ^jLS mJ'JLj^j (^jQjjlj 

- gl _' "..' < ' ujlS4_ûJ do^ Oj jO-4 ! i ■jjujiS Ojl 3 j j^j -ljljS 

Ji_j^- 3'3-'' .' 5i_jr_J-J J) jl jjj* J|_,jl > jAj J|_|J* t *'4M7 

.(Stereochemistry) uJ4juu4j>- jAj jSLuii 

uiS4_Sj jS <A_jjjlj 3-J j-S oL>- j-j_j L-l--»-Ljlj>- lAojjd l& 

i_5j 3-?- -IJ4_jjjS j»4j -oLjjOJ jjLj^J j dj-UA^Jj'S JOjjjj—l jSoj 

ijj j>j>i4__S OJ4_jojljSlj^jj I^yjl j-a-iŞ |_jSjJjL_S i_5jljjjjl_JJI 

■ Clijj^joj Lua-lS ijjlSjGjdS" m»J 
i_5lSjLaj4-_i4j j4_jlS4jLjLj_ajS 4_Lujjl j ^_j'_ljjLj jjj_J 3“ -|jJ -i_t^- 

jLS ( jj4_öj__i , ,'<..,<< 1 .'ilj ^jjLi_LajJS4_i) jy. nij-j ^jjjL-i j_l 2 _gl _<a_iS 

4—_iLjL l a-S |»4——J 3 4 jb jjjJ3 |_jSoj4__lj l -S4_jo ^j j4_j .LjL-SoJ 

4 ji4.l'iJi 4_jjjLj jljjl_S i °_J «1 ' '■=> ' l 51_-La-S : jjlJOJ 

-ijiS4S4jj^^- 4SjJjS ^yjljûlA J jSjLxjljjS 
Ljjj4_jLjOJ4S Lj_jLJ04 4_jlj4j (jjlJ-jLjj»4jlj __ }>- 4— ijljS j>4_j 
IjjIjlS-L -’lj jj»- J-J - j jI_Sj I i a iS jjS4-Soj4__ 4S_J4__>-4j j<SL_>- 
.ojljjlj l-La-S ujljUijj^- 4 '- 4 ^iSJLio^ljl^j 
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qS4-jj'Sj ^Ll 4 jjjtj^lj l5j4—luOjL>- 4S (_$4jLjl mjj JlL dj JÛ4jb 
l 5jjljSoo jj-^-4S j, 'nj.ioj jjL_lj ^jL ^Ljjjjoo |^j ijL<SjjS j4Soj 

ljljj'4 S _j_JjSll _J~.4 M "la J4_j ^jjS^J_jjOj (_jj-L-<_LLLJJJ 

£j jljjO ' j4_jj^J>- jSI_lu _5jLj^_l 4 j ujl_L_4Lşei4j4_j . 0^4_iojljJ^S4j 

4_jj'j J J J Oj j - - p l_i" "j'jj‘' J4 jj3< S l_j" " J.'j3‘‘ 4_S 

jCLLi lu jLj4j4S (jlS4__L44j4S 4 JLLlj j3-i i_jlj -2 j a .(dumbbell) 

dLS-l OJ4_I jOJOJ j4 ~| JJ ^^14_4jLl Lj_jjSo4 Lj_ lu^j-J j4__jlj 

I-A__SJljIS 4J jOJOJ JJj ,_j ■'jS ^jSjJjl—S lSLj j '<4 0, ^_J_344S 

4—jjLS i»4_j |_j%j|_4lj i4_j|^4S .4-44" III ij)Ujl4JJj jjLjjj (jSj-JLj4A 

uJLljI _a jjl_J j "'l Sj ' J ajS ujS4_j_S JOJjl_4 4_Jlj 4_JOJ4Ö 

4^j_Lj (JuiLj jlj4j Ojljj4dl4 Oj4_l 3-4 4-ŞjŞ j»4_l .jj_l jjjujj4Sljj 
_5oj4_jjLjjj_>-4j >"i iuQj _5ûj4_i 0 7ij _1 .O^4_jjj_lj^oej jjjj4_>- ^jVi jj 
■ Cli-l4-Jk jjjl jSLjjLjJ l 5jj-al—l J044l_4 > ‘Iji > *i4A 4" uij^jlj -Clj4_S_i 
tjj4_j j_1lj4_S_i l _ ) u/3- a *j4—a jSŞalj ujljjioo -OJLi4_L>-j4Jb 

. j4_c.S _5oj4_i jj-LjLj j»44_i toj4j-L. , Lj^o=j qISo j4jojSLjaG u_uLi 

-jj4 _ JOj4jjjS.jaG JU4 _J_ ujj _ LLLJ^Sjj 3—1 4S *'J J- ' ‘ ■ 

Oj4_jjjSLijJj u-LlA (jjl ifijS .ClJjJLj j»loej4_i l 5jjl JjS jlJjS4_l4S 
L5jL_JjjL4j djjl J4A uj|JL_4loej4j jjLiOJ Qjl (jSj_1 |jSJ j im J J->- L_j 

. ijpLULJ3-LJ uS-SUjU 

l—La-S ujS4_ûJ Jj_44_jSi u_luLi l44j4J3Si_3e_i 4 _llS j»4j l 5_jjl^jjLj 

jil^öLi Lj-aoS uiSojl^j4_! j^j <4_JOj4j _jjlj j_j |_,S4 _j3^ -IS jSŞ 

4_jljl^j J4_j uiSoj^-jjjSŞaG 4SjJ_o»- 0^4 —ljL S j»4_j ^Li 4_jj^_oej 

ijj Loj^jjj j,L jiLS i_g' _‘ auS 4 jj jaj 3—1 Ci jjSLi ijuiL-j 15jjl jjl : 
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cAJLlu jj O—>>1 >A cjlj ^j Cx^jJ^dJ JjA4xu 

<jbdblj J'SH d J l f' 4 ^ <L f jbj* <tibljj^ 

jj LÛJ&J <L-jIj<l£ <» ■ <I 4j ■ a ^< <" ‘~'J A J »JJ|_S ^gaj<ljJJ II i?i (_£<i_Ll 

jL_S j_l cJ<l_ iJJJLo <_£ Ijl JJ4...J <» ■ û ‘J « j I_ûj£_l„) ?<Ljj J «1 . A .< 

<j»bj_S c^i 1 _ >a J^ L^-fb 1 -* .|JJ_J ^<1 _i»JJL J<(_f<Ll j 'j<<<» J<U 
Lû4_j Ij_i-il wi i*% ^yjljj^^J .j_j lj £.jJj<l.S j—i (molecule) <u^_i j j<Ê 
jj-jL i i < i"Kd I j v .< .?.*. ' (jjj~i ()< ■< <tJ_i jj<£ 4_l4£) jL2*jj<(_^ 
j L<t_h Jj<l^ ^yjljj_S . jj<t_jjjJj jj ^jljj^<Lj<u (atoms) jL<t_b Jj<l^ 

j<t l^<Ll tjruJL jJjjjj J jj. l_l (jjj-l j^L*J Jj l_lj-lj "'Mj j<t l^<lj 

j'i i hM J<lS Jj-S jLodj<i_j l _ r Jj<lj JLuijj .(jj^tJLjJj^ j^jLi (_jLjjji 

jjl<j I ' M .'~d< Ajd ~ v .tj<A,' (J ^|<1 _ililjj^ j<L_I l__lj-lj 

jjJ<U Jjj Wn bj_li<t.S (jJdjjJjJJ Ij 4 A J A <* ‘ ■ jj.£udih j ljJJj<lS<Li 

atomic ) ((jj<tJbjj<L^ *« •-1“*) jjjjljj. ^jj'* ■ ■■ < j-blJ bu£ jj »jV 
permolecular ) (^Jj4^ jjj<Lju <jLuuh) djdj<Ljj< ^jjjLuu j,jj (level 

• <jj (level 

^jj»jj<U jbo<L^<Lj .<jjju a 'ij ij~i jjJ L? d J^ j 4 " 4 - 1 <>f dJ 

j ^’.j^ jb<t_j jjb<t_S (j J Li jl£<Ujjji *jd <1 «« «< 4-S <Lidjd <" •■■!j j<t_i 
j jt<d '< g ‘o< v ‘j <lS jdJdJ dJjLa (non excited state) <jjljjjj4i >i.jj<tj 

j<L_udjla. (J4 -j.ojS jLoj^JJ .»j4_JJj.^»J djjbo (StrUCture) (jjjb^jj 
jli<t_J jbj4 juajb (k2<t_i <Oj<Ljjlo 1" ■ <a kjb Jjl j_j ^4-j j4_uu J ljj<t-j 

j<t-a (branch) (jJ <^»jjJ 4 jb jlj<t_Sbjji (>i<t_jb (scope) ^ljj<t_o 
(^jLjjj^ (_^JjIJj^ 4 _I jlj 4 _Sbjjj JLjjIS : jljLjjjj jt jaj'C jljji<t-J 

_1OJjbj<(J jljd Cl./..< *»l V .~l< 4öj<j|j<t_Jjjj<Ll jL_l J A J<t '■ Ij<> 1 

jljji (^jJjl^ j£dj (^jbjj^ (_^jjljj£ <4ijjjjjj öj4jJj£dJ ^yjbjjj 
.dj<Ljjijj «<jJ dj4_uljjji (j<t_iilJj<tJ (jjiljjöJ LjJj<t_S J*)4 ~l jb JjJ 
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djLul . (^J . ^<u 

• UtJjM (j Lf4Lu j l) .^J L jJ j b*41 4 / |û1 Jjjj 


(j(J’<LJij<^ <ufj^ 1 . juo>ltj î LftJ 

I jiLuûj. Ijjj jLa. (»<l£<LkU '.'<Lu-a. (jjj «1 >« << ‘«l.* ui<bb (^J^La. 

Lrf jlo-ulj jjj djbuijj (04J (jj<t£öJjdjlj 

j4_jb ^^<t_i .dj<t_jjJj£dJ jbi lj<Ljljj^ jJJ J L<lJ I * « «< (I ' ...lj<t I 

Jj4 J Jj<t_l JJJ OJjLo J_1 ( pd 4d . . t>j4 *) )4^ I I~1 *> Jt>j4 I I* d ■ d > . • ■ J 

(^j Ljjj Ij j(>jjjjjJ<Lj (^j ) i.i‘>jjjjU 4_ijjjj jj . Ajd ~ ■. a. i j<t_i<t_Lj 
<tjjJ J. jiij_S jl. mb (jjjj j 1 <t_iljjL j4—J .4 iigj Q Ö~ (J UU 

j(Bauxite) Cul_ uu^jj (^il_ £jjLL <1 _uu»j4£ j<i __ (jj<t_'< v .(<">_< 

(»jjjojJ<t_j ‘«i ‘< v <* jdj j_i ojI n«<jj .1 jJjj<t_i (Malachite) juLo.iL 
.(jjLdjjtijj j_i 4 i~ib j^<Lj»JJL (jjj < OjLO^L j(jj.jjj&JJjL<L_j 
jlij4-Sb-a !*> jj j<t_ft (Jdj4_j jrujJLSj o 1 j jrOb_uui<Li j_2*j ^iL^dJjL 

. j^ij^ j,iuibIjj<>J<>Ji)j jdLuujj jj j£J<L) 
^J IJj<Luu4j jl j'sVi ljj^ Ojja. g jl£ajjb «j>djjJ 
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<l£jJjI£ j<U (bioorganic chemistry) “UIjj ^IjJaj ■« >< (jijj<Lj 

Ijdjli. jU<U4£ dj<lljj j£dJ <GLljIJj4j 
^ yjL£<l_Lal ji4j *Jj<U<L j Ll jj> jjljjjj jl£«jljl-ua. ljjt£ ^j lj<L>JJ Li> 

^j^js j__j jL j IjLS) (enzymes) ^jja 4 < j j n < njjj jLj j j<>j j < *< <j jL_j 
^jj_g ^j_3 jjaJJl—o j(j <l <l a j <-y <<i*s jj) jruj-ilijauA j( j^.jJjjl—i 
jLkjJ jL»j (jLl J-i4j (_£I l n i5<l-£ j4jl j4j jji<L>Q jjL j4j . j<t£j Q<i>jjJ 


■ Jjlj_l<L& (Jj4_ui j<Ljj<L*<U d 11Lu< <*«< -<- 4 *< (^4 t i nMj j<Lj < Jj4 I 1 1J^JJ 
j(_yj|jjdjdJ—jjj<L jLj— i»jj4j 4^ j<L_* L jnj^ (_Jj—J j—S-l lAdjj<L_Ê 

j (_gjt uijLa ji>J (_gl_<«»<.<< *<j/<*<j . J .jaajjIKj" _JLj J(_^_ûûjjj 

<LjjjL (J!■-..< (^_uiL I Jdj_U 4 j_uujjj LAajj4Ji ^jjl <~. ■■< j ^yiljjAdj 
j4_J (^jl^dJj4_^ . jj4_Sj (j4 a * Ijj (_^l * « «<) jl£4jj4_^ <LjJ j4^ a ■«<< 
d<LÛjja. (^424 j Ljj L (^<L>4jljj<U <U j4il i Lal jj<LL j ^jl jj<L 4 jjjL 

jl (j>lj—J^4 jL (^4—a. ^djL-ijdJ jUj4__jjji. (j>jJ^4 —i 

(jidj<Lj (yajj4_u< .djdJj£ jlJt^L tjjjj jl jflj*s jljji ^Jidjj4j 

4_jjj4^jdJ jj j4j 4j<L jj~j i*i i4 <4i jLSLIj I" . ■■ <M~ .dji<L^>j<Lk <(jjJJ 
jj4 a. * ‘*<4 j t j_j I ■ /. ■< ‘<l.t v » »4. 4 .1. ^js4_a. (jj»J4_^ (J4 < i*i ,V,< 

jt-LaaS ^jû (jil^O-aJ < jjjljjjA jli IJdjjJ (jji j-o4£ (^jll 

4—1 _J4 *'l< .*.<d" j4_J j jl_£djjla j jl*<4 dj4_A 4 4< «4 

. jrujJdJ jLjJ Jjljj IJjjiUlj4j jjjjU j 1£<L ! '!<-■ << 




jtf'UL u J’ <uljjJ” 

' û3*J*f^ <L -^ jjjlj—‘0 Lyf* t^j-ljl-^ jjj Ly^ <L -4»jUj 
jLj ^j-LÛi <L?j 1 -^ <j-^jJ) 4l_lljL£ (juljj j jLjjt^djjJj^jJjt^ ajjLa 
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(^jjlljj._S (jil^4_uLjji (parameter) ajljj^4_£ o_uûlj (_j<l_LI j4_» 

.(chemical physics) <« ■< (_jLjji Ojjjj*J a j 4 jjJ j£<>j ^jjLuj^ 

j l <4 >.'j 4 < 4 14 -J< ^jjl <4 < < tjjji 4 < . 7 . j 4 j J < ^^4 <M 4 I 

(colloidal solution) j_» (_£djljj__^ o-ûjjjdJ (_jjj 4 _S lj__£ 4 jdjlj\&U 
(_glini*s4 I 4 < v <aI 4 < (jjjjj_î.*j (colloid chemistry) IjJLa ^<»«»<4 1 
jgt >«<< j^t i<\ i*s (_jl_jjji jjjj 4 _* .(physical chemistry) ^jjl—ijji 

j4_j . jjjj 4. a.' ajjl_a (_jil_£ajjş. jjj 4_& (^jl^4j_ûijdj (jjl_jjji 

c$ iJj£jj Cua»j JJ<l2 (tcchniqucs) (^ 4 ^ lj*s 4 j j<L ^ajjj^d-i < 4 jlluûlj 
(Classified) jjjij*<*■ Y <ij < . j-j*> Y >»».'ji<4 < ji<4 > <!>->>< 4 < v >iji£ 

LTi'—f-“f^ —fJJJ t?*—‘LTî'—î d _>^ t?*—“I fi-iAff) 

jt^4 l4*t Aj4 *<>lj<<! (j4 i<lSjj j4_j (_g4jjj^4_l Jjj.l_l ( lS j4*‘l■'< UI4J 

Lf^LûjJJ J^1L| a mji ti^ja (jil^'l—^jj <4_ijjjj j_l) Cx-JjiÛAdJ 
(^jjjjJj-j .(kinetic) *ijt£ j(optical spectroscopy) ((_ y ^j<U 4 _jii 

. Jj4jlSaJ I <-<■ dLU jl£»Jjta (_^jj-^4< <U<L& j 1<4 > <1 > O >< 4*11 n'llj (Jjj 
jji.Lj (morgamc) jalj j<LL jj jl-j jjj_Saj (jj4j|j jl^ajjta jj a4 a 

4 jjjj*j<U jjjj__i jl£4 ULalji<L 4 jjjL .(organic) (j-alj i<L j J 

jLjjj4_<ti4j jl_Sajja- jljj_ j. 4 _jjjjjl^ jjj_ jU (derivative) 

jl<4 i_Laljj4ÎL 4 _jjjL (^yitSaJj4—^ 4__iljjj jI_jjjH ^yiL£<L_LJJ<L^ 

jjîjl-^ L? <Lj f J J <1 ^ 'LS-f iLfû jljl-J^. ^d>Jj<tJ jl-Jjj (j-oÛLJ-j j-öaj 
jjjj ^i < i>JjJ J-i jtjjljLui4j »j4 *SJ_> j4—a<U 4_J<U jtjjJ4uui ji » " ijOj 
(jjjjjLS 4 _Ljj<l^ J4_ui djJ j<lS jui,aj<£ <jj> ^jl^Hi j<iiJ<L jajj^jj 
^4_11 jjjL j4-j ^djtaj4_s 4_jjj jLajj_ui j4_ui aj<Lj4j<U .(jj Ijjj 

4—IjjL (jajtaj4_J j —1 J_3jjj jjj <<—ulJjj jt—ûjjjl^ (jJ 1^4—Li Jj4-^ 




aljj<L 4_ 


»1 jj<LL 


I -U-jljajJ JJJj<U (j4 < 1 J r <j < j 4 I4 < J- 4 < . ,.*<lj j 4 t j‘>l<AjAjA> > <^- 

j»4_i .(Biochemistry) jLjj (_gt iai*s O—îjjjaJ dj4_ijJj£dJ jaJdJjjj 
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I J Ldjd I H»lJ .(jjJuu^dJ tja.ujl£ (J d <»* i d '» * a ^ * ■ ulj J l_J_ ',~± * ^ » 

JJ jj< ld A jl<»» t ...'V jLSfljl^Jj^ jUJj j Luû Lt J 2*’_ 1 J j d^d t ilj »^ 

Ajdl. .a,' jL<û£ J<UijljU ^ 'lj <A-d< j~jjd . 
(^jjljjdJ IJjIj^-JjLj a *s j1 Luu<l! jJj£ O-uujjJ jyjljjjL 
cLuLuu jlûl_l j j"i t 1d_£ ^'LlId-Oiiu jd_j ^ûjLdj uû4 «1-^d < jd_j 

I j<GI_uu jjj jd_j jljjjd_J (jd_jl^ jd_j jd_uudj O—jjjjjIj (moment) 


jLad_& -jj mdJ Jjj-j jd ■ ■“ d_jl£ jd_j (_jdjd_j 'j<< j~- jLuûL (jjd_»dj_»3 
^y-iljj-a. j|i i~U£ O-Jj£*J j—i >jLS I Jl »« »< jd_uud_i JjJjd__u ^< »*»<d ~ 
^~l .-ud t <i_£ d_j*jdj (_jjl jLjjl I -~‘d ~ t(jjj_udJ »1 » « »< ^ <» < ■ Ij 
(^djd—jjdJdJ (J»ld—j ■ jJjJj—uajJJ jL_£jj jJjijJjdJjd__£ jt£ d~i iii% 
^yljd—j jt_SLIj td_jlj£ (>»JjL£ lj£-LLuu jd_*dJ jtSdJjd_S ^yjjjl—aj 
^d-jd^djdJ j Li j jd_S (^djLaj d_ilj jjjjdj jl^djjL (concetntration) 

*jjl_a “< » »jjj_juiJJ «1 »« »< ^ <» < ■ IjI < ^y-tljjjk »»l »~l< . IjdjLdJ 

jLiiL Ci Lj) OuJjjJJdJ Ti^jjLdjd-uu ^jjLuudJ d_SJjjJ j£.jJjL j 

jlj_jj (^jljLx^ (j>J c 2 Ojd_SjdJ) T 2 ^JLdJ d-JdJJla j»d_j ^lj d _» 


A t-T 2 -Ti jljjd—iLj. ^jL£ jd-_uudj lj< ûûdilj AC-C 2 -Ci jLd »»» »d » 
j»d_> dJdJjJjL ^jljjL- -djdjIj^^jjj jJuuudJ d£djlj^JdJLL d_»L jLûûL 




W=- lim Ac/At =-dc/dt (A T -► jiuuu) 


• d^jJjt^ (jjljJ^ =w 

(_gdjl ■ - »*» .OLaj OL£ (^djjj^dj ^yjjdj jjj\ jÖLIj jj jjLL dc/dt 

Ot < ■ d ^djjljjj. (_JJjd__j j_j O jlj_jlJ d—^djjjjjJJ j»" j d<d ■ II ... 

.( & jûad£ CI dJ C 2 (J Lûdj d£ij^) k-»<La.jadJ 

l_i _a. jd OL_£*J d_iLla ^jL _uaiS < v »ljL_£ j _iljjA. 

>iIJj£j_£jjl_j djlj_jlj j^öjjd_ tt> . jjdJ_> j*Ljd—j »»ld .Ajd~..'j< .al~ 

O ■ " jjJ ^j-L (^Jj^j-^ jOL^jj dLSjuuu (_j-Ojj Jd_SdJ LjJjL ^jjJjm 
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j-^jd-^ t?»J«Lj>J J^-Lj jjj-j) j-ajd_^ tJjd-^Jjl^dJ j(,jil>ji ^^-L-jj 
d__»»U j_3 ^yijjljj—S (jlidjd_j (_jlj—»j »(l j jl jt^ (_j—ilJjjj (_5-Jl^d—1 

.djd3l£djLa. jJ ^< »<d »d I »»T»< V »IijLdd 
jd_j »jjiuSjjlj ^jd <d^~»d Vi (trigger) j 6 <~»» dJ<L» ûJjjjjL »^idi~i 
(_£dûljl^ jd_j j(jj^dJ j^Lj d_»l J d^d^d in lidJ (gim powder) (_Jd_3jjL 
.■>jJjJJ jj jjjjj jjd_£dJJj£dj (J L jaJJ Q»iijjJ »LdjjjL (jjLjjuuudJ 
jjd_^ (^djLdJ d_Sd3jjjL ^jLajd 'ijfltj^ jljjjdJ ^j I JflJ^ (yû-uljlû 
(jjljj—^ JL-lljtS (_Jj-J ^y^Jjj—a- .OlJdJ jjj lj£djd£j_a. ,_,£j3jd_£ 
jLjj 1 1 n d—u 1 1 a iS *jljjS ^dj . jjJdL. jj — dil£d£djjj ^ Jdi — djd'î-udj 

IJ_»ljji.dJ jl<d ».!»/.»< 4 < v .ljL d 31 jd£ Jj*Jjljd_3 1-3 (jjûJ ^JLuu 

d_uulija (_yjl jaj's ( ^^J^jl jLS (rate) (j-uljJa. jj-a. • jjljLja. 

ji»jjd_j ‘<jj-£j d-uulijj jz>?» crîbf*’ <>“ dJ tjkdidj ^(jj^dJ 

jj d'îiii»j-ud-£ (jdjL jdj jduuudJ jjljS jlidjlJ (jjudJd£ (^djJjL jdj 

^ ilj-uj. ^ »lj< j 3 diJJ< OdjlJ jd_j »ajd—uLjJjdj .d_SjjL j u .» 

(instantaneous velocity) >iLuu ^ljjj. (_jdjdû jj . jûljaj jLdûdidi 

(_gd <»< » ‘!j »A-»i< (_^d_3l^ jd_a (j—»»J jjj_JuU IJjlj£jjL»J ^_< »~» LuudJ 

(»dj . Jj»Li_u »Jjjj jibuudJ djlJ Jjdjjj^j (Udû jjj^JjL (jjj-uöJ Ijj3 

j_SJj <jjj_ijdJ d__j1 1 *» i~» Laj L (jjjlj__3öJ j _iIjjL. »ljd "all-u 

OjjL j jLi.jdj »i *» »(]» j Ij »LLuuuu ûiL jd_uudJ ajl_a (_jjlj_OLI J 
. jd_SdJ Q i iijjJ O iVi~udJ »Jd_»jjjli. jjjLL ^LuuuuJj ^< ■« »"a < 

jLL^jjd I »M »^d i / jjj—u jj d*»• Aj <j uujjJ jjjLL ^ »lj_u j. jj_şu 

“L-j^J^ J>»t_j. j_» d-»d.jt 3. in-L jd—j ^yiLd-i jLjJ ,_,--jljla. (^il^-JJ 
juJjd—j (jj J JJJ ,_y—ulj^jj ^—Jljjiu (jjilj—3dJ »jjjljjlJd—£ 
jd iiidj jjjlj^jd iii jdiLiuui^ jd_j (_^djl_oj (_yJJj^ OdjlJdj 

. I jiLdûdjjj^ uijduuu 
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(j-jl jJ j4_j(hyperbola) ,jt>j\ <ii IjjdJ lJ4_£4Jlû. jIj_^.4j4£ 

4jI j<d 4_idjjjjU 4ilj4.ajj (function) (^4-iLaj (^ij-il jj 4_1jLS.Jl1a 
(T s ûLS (_£ Jjjj. tJ jljju4j) T s 4 jL£ Ç$ a jlj4 ^ 14* (_j4jLJ4j j 4j j4_^4j 

j4_ju 4jj<t£dJ jlÛ4jjj4ijjS i'jL j 4JLj. Ij4j i jrşjjjlj Y j>j4i j4jjj4J 
ûLS ^djlj4^j4Jb (k^4_» .OljjdJ IJ_jûj4jj jgJl^4j4£ ■"* ...lj < * 1 *a 

>j4jjj£ j_j .*** aji&J ^j Luu4j d \ IjL£ (_y *lj *-v (J4 <4 I 4_J4jJjjljb (T s ) 

j_» Jjljj jLSdjj JjijJj l£ dJjLa ( _yjj4_jli .*J4_»j4j4j ,W~ 1/tS 4jI j 
4j4 mi i's jLk j»4j dLJjl£ ^yjljji. *î...<4 . . (jJdJ jJ Lij duJjl£ (^jljjd. 

:^j^dJ jub 

W=K C a A C b B 

^jj4j j4jj» 4jl£L> 4jLdLa 4_uljjû. j;j< ■ **■ =K . 4 S *i Ij^ljj^. =W 

6 . A ^jL^djjJj^jJjl^ ^jjLj (_^jj4_j Cb ( C A c jjJ j^jJj ijjU 
4S4S 1 1jLS <(J<d B t A (^jl£dJj4^ (_JdjLaj j jil£4jjjj<L» ^jlIjj b“ a (4 j 
dLjJjlS j-jljlj. 4 j I j *t m iL» jjjjj • j»JdJ jLjjijj ajjJj-Z jL»jlj_Û4j 
(_^4__j JJAi >j4 ~ ■ .A.' ^4__^ jt_£>jj.'j< ■ IIJL2 JJjL_a (_yiJJ_J |_9 j4i uu4j 
Q <ii jjJ jji LL (_y ‘Ij »4-4< aJ4l»» Ojl. jru IjjIuj (_£jjiLa. ^L£Lj_u t>j 
4jjjl j -*.</j jj J j4_i ■>'*‘4 ->- j4j( .djj_»JJ ^4-j lj_jl£ J|4_^4J 4d<L» Jj£ 

■4Jjj Jjjj jlj4J 

jjjj j-Jjjj Jjj (jjiljd»>J jru_»jJdJ (_j_jJ 4_aj»<d (£4_>>JjtjJ j»4_J 
4_S j_ilj ^lj j»4_^4j ■ JjLjJL t?jlj (^UjAjLS^jdJ 4_1 jjjj jj dj4jjj£j 
d4_»j4j<d (_g4 jjtj j4_J 1 ‘*‘4 j Jj 4_£ jjJ jlj—ji ‘I ‘ <■ »< ^< ‘Ijl_S 

4 ; 4 1 > j LjJ j4 < j j y . jjJ jt—4_»j^ .olJdJjjj (collide) jj 4 “s oj 

(^4_»4jj^.4j <Lil Jj4Û j4-J t jrûjjjLjJ jIiJ j j^ l m (_gjS4—> jrûlji>J4Û 

d-ijjj j4_*4j jlSajj4_^ : jlj j»l jûj j4_» (thermal motion) (_j4_jtj_aj4^ 

4_>jj d ‘~l< j. ... ><A.‘ I J_<4_i4j 4d>j_l_a j4_u»»4j j_» d4 '4*î ■■■! jlj J jd. I_> 

4__l IJ j j I 4 L_j 4 < >J t * j4 . ..4 1 jj4 <A. ‘ d4__l j4j 4 <4 ■*:.'Uj j4 <4 ... . .. 
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4 < *> jljd 4 j t> j LjIiJÛJ J (^Jb-ul ^<4 * jjj_l 7 l I I (J*>J * ■"■4 * 4 < O 1 < 4.1 

: 4j*j jU_a4_l 4 <4 < ■ tj I < J-4 . .. .<j 1 A Aj4*î . >A.‘l ■->. 

Na 2 S 2 0 3 . +2CH 3 COOH =H 2 0 +|S0 2 +S| +2CH 3 COONa 

(Sodium thiosulfate) j»jjjj_uu ^iljj^j^jjLj 4d Lu. < j<d jjj 

j < A j jdjlj uulj ■**. >lal 4 uuj-ULt 4 j jlj <4 *> >j d »>JjLa j» 4 __j) 

jl—j 4j4 < > (OjJjI£ 4_> I Jdj4 *■ *■ ■"■ juli 4_jj j4j j4 *■ ■ ■ ...4-v ^<4 >»JjLa 

4 j>jlj*d j» 4 u jLlilj . j_» IJjJjj (j-aj 4 _^ ^ 4 JL<U 4 _S >ji>j L d.jv.;_ IJj 4 _i 

OjIku ja^ oj .» (_^IJj 4 _j jU. (_y^j<d jlj^ tr 5 

^ L-uûlj . L-a. ^djl (>IJj 4 _j jLuu ^j^ 

j 4 _J 4 _di>jlj %2 ^<4 >a jl» 4 j j£>jLj 4 < . v .~ jl__»jLi j» 4 __S 4 _» jjdlJj 4 __» 

■ O-Jj j (_jUJ jlj- 4 u (^ydl Jj 4 __l (jjjljr_^ (_^>J L| 4 _J (jJJ_j>j 4 j I ■ ‘4 *> I ‘ g . ■■■ 

(_yj >4 . . Ojj Jjû> JI alj Ojljl u. jyj_i 4 __i (j<>jlJ 0 _S jlj a. j ~ ■ •■ u 

jlj-a. j »4 0 J ■» (_jdjljru^ jjû-» 4 _J t 4 _a<d<u (_jdj_ldj 4 j jjJ j»»jjJ (_j»jljry^ 
l_s. < ‘< a. j 4 d (_y »ljjd 4 ■ . 4 _adjjJ (jdJ_jdj 4 j jjJ j<La<d<L> (jajjd j 4 j 
<l£ 4 < . jLaji Jjljj 4 _»ld 4 _jj 4 j ajljrd j» 4 d 4 u *>j 4 d_i ■*! *<j ■ ■■ ^j-ûûjj 4 j 

■ 4 _»l J 4 .dt>jljrÛ (turbidity) ^j-ijJ (^jij 4 djdJ j 4 _£ 4 iJj£j 4 dji jljjj 4 j 
(jIj .(jjj_» d »*» d_a.j 4 S 4 j <l£>j V<iS‘*i 4 .£ 4 iJj£jJjt£ (jajL 4 J j_»t>j 
^< ■< *>-j d < . Lj j 4 dj*> J 4 _S> j Ijrd (jJjJL* jgj 4 ll*i 4 Sj-i. 90 4 d j_il J 

ljJ 4 J d 4 a 4 d>jlj*d (j_uu 4 j djd 4 j j 4 A jli j 4 £j dL^jjjj (^jIijj 4 J Lu. 
jl *< v *<4 . j 4 U jj j d>jlj^ (J.JÛJ j£*jli ji 4 -» IÛ_||>J (J 4 i j 4 j td 4 _l 

jj JJJ 4dj_a. 40 4_Si>jljj4jLi. 4it£<d jjjljlj <d_» jLaji (jj4^jdJ 
jj JJJ 12 J^ljj4_j j»4^J-uu jj JJJ 4^J^. 22 J^IJj4J 

grapll ) djdj4dijjj ^JÛA ^û-»j4i.tû 4 u.jL l *» m . Vi .£IJj4j jadjlja. 

4 _il£ j j,_jjlj (x) ^>j>j 4 _i j<< ■ -- 41 jl ^4 _ujj 4 j <■ jj qj (paper 

(£>jLa 4 __a. j 4 _J .( 4 Sj__^) (y) (^>j>j 4 __i j<* i» 41 j- * iKajIj’.^ . 14 . 
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(j4__lj 30 j_> 4 _Sj j ijd-Ê <yûlJj4_J (£>jljr\_S I I t nVl .<Lj4Sj_a. 

j<Lj j>j>j4_Sj djLijjJ j»4_S4u jjLIJj<U jS>j <lS>jIJjS <(jJ<Luu 

(jdj-jd j4j j_û <l£<GI£<i£ ‘< ><*■' .<lS.j jIjsjj ^yjJJ J,jJ dS>jlj^S j£*jG 

(J<dj 40 <d (<l£jJJ. 35 JJ Jj<u jj j»<L^ <l£<Lj(.£) <L»<l£<Lj ^yû.1 Jjdu (£>j4j 

(J4_jLj 50 <t_i j 0-1 jj <A.ljA.l dûj 20 t>j U<LJ d <d * * I * I I J_1 J4 UU 

. IJ<lSj^10 <U IjjJ4jjj 

< j I j * j<(_S<Lj . 4_Sj j<L-uudj Ll <LÛ LaS-ÛÎ l&j L> j IÛ<Uj Lu-i<U dJ_l j<LA 
Ij<L-J Û R I »J< 1 jlS4_SÛJjlS (jILS J(jUj<L^ (j<LJb jljjj<Lj >j>j<LSSjjj 

ljL o<l_I “>j cjjj<l_Sjj o_ uujj (curve) jLa£<LjajLa<L a. 

^jU4u (^Uj4-S (j<ULl (j>jlj4_Sj<bS j4_S4u ^5Î4u jj4-S>J (j4_S4jjIjjji 
<LÛ 1/T (^-l<Ul ^£-0 j 4-S (^4 11 jj JjIj4.m<LA) juujlj (X) (jJjt5j<U j4jjj4J 

dLuJjl^ j—ll Jjû. a ~i i n jjjjj (jUJUjl—^jJ j(273 +(jJ4._uj (j4—b =T 

4Ûj<lS>J 4.ÛJj<Uj jÛj. 3 Li ^yjlSjjLa. lj<Lj . ju-jjlj (Y) (jj* j<Lj j4jjj 4J 
(natural logarithm) • t <j> jj-- 1 (^-aûujL_SjJ) q mlj ^ < v .T.a j<l^jj 

(j j I _Ijujj (^jJusL-J (jjA<L _) jl_ l IJ _j<Uj Li (j<LÎ _ LÛ.Û.4J (jjjl j__jdJ 

(JjjLi Jjt>jlJ.Û. (j4 »< u Laû La 4 i?i !*>j Lu j<Lj (jjjljjdJ 4 S<LjuuiIj 4jUyk 


ln t s = b/T+ a 

jj (jjjjlj 4^4i »j*> jU (jjjljjdJ jjrLSua. jjJ b< a 

ts= a^e b/T 

c a =a| j<lLLjj jjuj j-aljjL^jJ (j 4ij jii e 
(Jj Sj-y J<l 4<U 4-JdjJjjU <UIj<LJUJ t s <LS<tûLjjl£ (jjljj<LjU. (jûLS 
<lU<UjJjU (j—iIjjû. (jj-Sûu. (jjJj^jL^.dj<u .K <lU<UjJjU (^-jIjjû. 

: (jjUj> J öjjU-a<U K (jjjljJdJ 

K=Ae 
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(JU4—Aj4j j-u jljj_£ j LUdjj JjijJJ U djj4_s jl J—Jjjj jJjLLjJj Lû 
J4—iuu j (j-umu (jJjJ J<Uuu4Û Uij.j. (^jLa.j<U 4 ’■ ■ (i (jlj Ij-uujj .cLjJ j lû 
j jj<LÛt>J d<Uj<U jLjjJ«U 4 jIj£jjiLj . <u<Lb <LÛt>j-l-û j<Uu<Ll Ui i7i4j (jJjJ 
<*l jjL£ OlJdJjjj jljLta. < .taILa. . jjjuLj <L£4>jua j<uu<U j-ua i'i. h>j 

: Ajd *.*. 1 AA.l 4_St>jla jd—uudJ jujJj (£->j-J d<Ui j jJju (jjjû <Jd_l I <*<d j 
Lj-uulJJ . jjd-ÛJJ d<Uij<U jût>j Li (j<Lajljj j (^jj^j L_lJ d<Ult>j La jj>J4_£ 
<La4Û jl_ûl£»JjJj£.lljLû >JJ La (^jj<Lj j)d M<i t,jj<t_j ^uj. jj >jl_iJ 
ûjLju-ujJ j4-j (J_aîî>j <LÛ>JJJ LjJj (jjU (jdjjjusj ■ j>J>Jjjj (jjjiljJA4j 
'<*■< SjJ «IV.J “<d< d < 11|jl£ (^-jljjÛ. (j4 wilS jLA (j-U jjdd >j<t_jlj>J 

j£>Jj<U> . j L>jd_i J jû jû (^jLÛxLU (jjL ■~<-d t . d_ 11 J-U ’.l * *< I<d < <~ id . 

4_Sjj4J j-u>J Ull-Lujjj d_uJjl£ (j>j<Lu j-u IjS—uub j<Luj4u<(J (jjj-3 
(£<L_I<l£jj 4J jL»SjjJj<L_A j-u>J LjIj jj4 £j d4_Uj<tJ jLS>j<t— SS jl jtS 
(jjjju (probability) (jûLiuu .IjûLS jLa<u<tJ jj jjjuii jLa<u<tJ 4ÛÛJIjLS 
<jÛj4j J 4 S 4 J 4j>jjjjU IJjljSjjljJ jû.J.j-1 jaûdj jjJj£ÛJjl£ (jSjJj<lS 
jjj (jûLSjlA J*.*. <û *d < (yj Ll . JU ^<d .Mdt 4 </\jj.\j< <tjt< >JjL-a 

(jjljuû ‘<l.< < <t «I V.d “. 4_i <UL i<i‘s<U jljûjjLjJ < .'■ *j <Si ju Jj<LÛ 
(jJlj <‘t «I V.d j J 4 S 4 J 4u>jJ jjLA LilJ I Jduu jUû jdj jI ■ *<~■ " <d <<d <d < 
jj<t_ij jt_a.>j jdî(parameter) ,jSjjljjSLu . jl_S>jjjjSÛJjlS (^ÛjUu 
^IjjÊj-Ê jjLj l_;* ^< ■< jdd jjJ .UiL_S>j d jjjlS (j .tji-Ld t jL2d_£ 
J4-J L-a. > _ySua.j4S Jjj >j<t_jjjûj Ijjlû ^IJj<Lu jjj4d jjjjjuu 

jljua. jlû (j>jlI jj-S * *■ ij j lud i (jLIJj4_> jl j_L4j d i*>4 i jd_U >jd < ■ 

. jl£<uûljj4j (£>jjilû <l£j jJ jLjtj j>j>j4Sj jjjj jL*4 j <tS4Sljj4j 
^|jj<t_j j<LÛ4u (j>jl_£-S jlû 4 Ûj (4Sjuu) duûjuuu jUijj La. jû.jûja.jdû 
(j<Ljj O-JJ (j J4-uuu (j4_Jb 20 (j4 < ijj) U> V * * IJjjjj (jUj<LÛ (jd—J.idJdû 
j<LÛ j>J_l d JJ d_S>j|j\S (»1 j>Jj4_l (>j_juj >j_JJ jûj4_S<U d <d .. ujd_S 

75 <lS<uLS jûl j (jlj .(jd_Sj jLajj ju>j J,jJ <lS> jlj%S jS>jLi (j4ûis 
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AjdM .+ ■< Ajl-.4-*. ^gjjt4__> Ea (J LA^I l .jjjjLOj—) IJ UIJ 1 'ijAj4j 

a 4~ijj jL-£jJ j Jj-jjlJ 1/T (X) (£djdj<L3 j«Llu«lI :»jJau>«Lj .<>j<LJujjj Jj 
4-lla j«i-j (slope) ^j^l (y) <j*j*j ‘(-3 j«Ljji«Ll jiLjljii (£_ ££} > 

(^jjj<t_£ j j-i^j j*4 «11 .Ea/R <lj 4jl_jjjS4j öj j d ^a.\ j 1 a i ..■ a . > ji * . ..ij 

Jyj jlj4£ j4££}!L. JJjj Ij '4£jJ ij^£ij£ (j£i ji4_oi4_ulj j4££^!L». 

■ Cil J»J jjj jjljjjk.«lj 4j.,:JjLj 

j_> Ljj£ (_£jl_l 4_i4£i>J4£ djdJ Jj_£j JJJ j L>4-i l£.lsIj l£ j4_j ■ jjj L3 

— (_jjljdj4 I II) JJ J L_û IJjIj£jjLj J j£<\ > JjLo<U ,J<L_jl£.jJljl£ j4_j 4 _jI j 

tojj4 a. j4j&) Ej D ^jjjI—j j_> jj ijj_SdJ (jjl j4_j<l> B j A jl_>il£4__> 
iJjjj ^y^JjLS Cilj_)jjj ^jIj4_j4j d J*>jl _)L£ t?»j4-j J-> 4_jL»jdjjJjru 
Ej D ^yil- £dJjlj djj4__a.j4A ■ jjlj—>lj jjj ( J *> JI j 1—£ -(Cx—JJdJ 

j I ■■ J d M <■ IJ I < jA\ ISjA w \u . /*4 Aj4 . Rj A JJ Aj^\^<A >< v .l^l< 

<ll> jii 4 jjjjU j»4 j (reversible) 4jl j<i şjj _J jL_S o— jjj,jöJ 

aA+ bB ~ dD+ eE 


I Aj< Id < v .~ jl -Rj A ^M <A.'.'l - ^aajIj. C jJ J4_j J l_jk.j<L> 4_ijj (JIj 

\\ ■ 1\ Ca C b ^4^4 I jIjJA4^ JjS.jj j * • “A. > JjJjl£ 

j jjj£jjjl__d Bj A (_yjl_ £jjjL .Ol jjjjjj j < 4 < .iji< j < 

. jj<LjjjdJ jfj|j_U 4-£4 £jJ jl£ I J_o LLid-idJ aj 4 '*iiA,i ^4£ j L>j (£<Lujj4j 

j j_j 4J jjj jj jjJ4j o_uiöJ Ej D (jJJjL_a j J ^£_> <U 

Ej D jlj_ _jj jÊji jl_£ Ij_aLi4i4j (Ol_ £jj Jl_>j jLû 1£4 __ujj4j 

(j4<4 i .Ij.a,4< 

jjL <L>l£»j <l£<l£.jJjI£ lj_uOj£<Ll .OL£jj jLjWi=K_i Co d C| C 

K (^£‘>4 mijU (Jja£j _ş. j 4)4 >4 £ (equilibrium) ls^^ -uijU 

4jL_ i_u£4j K (j£i4_UijU Q+ * A jU<L_i (Wi=W_i) Jj<LÎjj inljjj 
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• dlljl£ jj 4Jdjlj u^jjÊl*. A 
■ j4£dJ djjjl£ jj4£*J d<L)j4j4£ djjl£ Ijj4j jl£*J ij4£<l£ <L)Ij£jjiIj 
(Jj_Jj 4_jjjL dLjjlJ Ij_£<L)<L> jjj 4_A4£ jJJJJ ^il_ûui jl£aj4-jjj£ tSlj 
jjj4__£ (jjjjj 4 < oIjjj jjj d jjI£ * <‘«4 j v >iji< j 'j<< /ijL_£ 

jj_ldJ (J.jj<t_£ o I >4 *) jU<t_£ jlj£j ijLjJ (j£.jjj 4_J jl£»JJJj4 <<4 .j4_> 

L?J^ lt** 1 -^ 12 l£j < ^*-? > L? d ÎJJ dû£uJ jl£ j4_* (Ea) j<i££}!L* t?»jjj 

. ^ fd i^ 

( T ) tP'h* (£«-4 j(activation energy) (Ea) j4££^L>. (jfjjj j<lÊ4j 
j4_j LjIj (n) (_JdjL_aj (jjjlj-idJ lj4_J 'O—Jjiljj d_j£jjjl£ (J4 l 4 £j~i 

j4—j ■ O—ijjljj j<L_£*J d JIjl£ jljjjj4 <<4 *j4 . jJ 4-_£ (J4_jl Jj<£ 

.(£jj_>ujj 4 >4 1 >> >£jU (*4j d<L>4jljj 

n=Ne- HT 

f>4_j .djL£ j'î .7>< (jj— £j-a. R j<L_jl£dJj4£ (jj^jiLuji jjdjLoj N 
j'.j Lu. (Arrhenius) j • 1 j *** iAj4j (j4£4£jljjlj<L> <Luûj£jU<l1 4j4 û> >$jU 

(_^<LL)4j djJjl£ J_)ljj_j. (Jj< î l-k. (jdUj l~l 14 >j4j (J<Lu>j£jU jL>j£.JJ *4_>jj 

»j 4 •***... 4 . A ' ^_aj4d 

K=P z e _Ea/RT 

. I j£<L>4£j^<(J 4jl£*J j4Ê jljjj (jjj j4£.£<L>j4j jJJj Lj Z 
OIjjjjjj jJj££ÛJjL£ *•! *".!< Ijj4j<d OlJdjjLuuj jj4j <l£<uI jl£ P 
4 û> > j4-A P jUl>) jj4 < a. ' d<Ljj4j j l< a. 'j4 a QJI ^ *j Ê *' *J '"‘4£ 
j;lj ■+ (Jj_£_m. (J4 j4_uu£j U j4_j (jjl_uilj<L> jruljûdJ .(4jja4_£ d<L><Ll 
j<l£4j (j_ûiGJLIj jl£<L_udJ4jj j£_lSG 4_)jjJ jL, a. 4j<l£ jj<t_£j OuuijjJ 

Ijuij û **j4j (j4 ûu£jU 4 J 4£ jAjjjl Jjlj 

b=E a /R , A=Pz 

*— 1 1 Ij *-j<£ (^£4 >41 1 v*4 a. 4 1 dLkljl£ (j_>ljj£. _jj £ ■-*. j4_£<l> 

(j<t__uu£ jU<l) (Ea) d jJ jl£ ^j<t££^!L.u. (£Jjj jûl j-jjJ Ij<t j < jj<t_£j 
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^jjijlj > . jj<4 ■ . jru_jj|j jjjd jj*J j i dbj j«ULi .(£<L_j<Ujj<U 

^_i_> j jl£4_uL lo_i£ j < ■ I j I< .lj .-L 4 . <| j4 i ilj<l£ Jj_S jduU jl iS 

jLijdJ ^lj_jdJ (chemicl kinetics) ^jLlu^ < û4 *»_«<< O-jjjjûJ 

4 *" ■ jjlj 4 1 ‘~< j^jjLjjji ■ /i ■< ^jjl£<i_j,jj£<U «i ■ a ■< ^< >i< 


. »j4*i 'jjj I jj t£djljij Lj lî 


4jCJjLf ^OjUjoJ 

j L>j 4 j Jjfl< l<! j . jj4_j>J_u o inOJ d4_>Oj4jjj< i9lj<U G 
j<l£j J4 < »~ )jQj4ji'j< >al~ (J4<^ ..Jjj<j jL duaiIJ j4j 4I <l£ju_u jj 
J<L^4j Jjq< <4 ‘»4< *JI J_j Ij ,4_jj ^_oj4_j IJjîlj_j jl_> l1jJ4 aj4o jlj4j 

O-uujjj (ester) j<lLl«4j jOLSöjSjJjLS (organic acid) Ij_uljj4j j£>jZ 

^yjLjjJJJ ^yijj ^jljjLj (L J<L> <.4 _j4U0 jJdJAA ^j 4_LJ U> < ‘*‘j)4< O L£dJ 

.">j" dLjjjJj tj ■ ■■ <‘< jjQJJ ■“ijjJ 4jlj_j|j Ij 4_£ ‘**< <4 < « (J-JJ <Lj 

^JJ/jÛ. < <‘«j J j-^-4 «"■ ,.A,1 jL_> ^_aj4d j 4 j 4 .J 4 j.LJ jlj dj<jj djJjjjj 

^4-J d_>Jjjjj (j-iijJ (J—Ijj 4_jlj4j ,(jj lj-jjjJ4_> J_jj 4_J jjtjj-LLU 
0 1 »jjJ j_> 4 < «jdJdjjjL> (jljLj d_> Jjjjj ^y-Ojj )‘4-u-ai I J4_jjJjlj 
jjljL-j (>J4__> (jjjlj-jûJ 4 jjl jtj j»4_J . J—u 4__J (Pljj—LU 
(jj-j ( j'îx i M j OlJdJjjj (jlOIjjA^J jjj j»24J .OIjJ jjj (jiujdJdJJjU 

Ijl j “Ol jjj 4 uuLjjj 4jjaj>4 j (catalyst) jLjajdjdj jjU Ijl j 

jl_>j ji<4 «<i«/>.< 4 < v «t jtj j iljjj. j<L_jljjL> j4_j jljdjdjaj >jU 

jl _jjjjJjj dL_>Jjtj 4Jjl__> j<L_j<U jlj4j4J4_>JjU Ijl—j - j4_ji>J 

(jJ_j*jU (J4_jj jlj j L_Sl jl jj<L_a. IJ_jjJ jtj (^»jL>4_J < j4_jdjjjJjtj 

jljj_j jj4_j I j < v .tji< ^yjUjj^J (»jf<Lj j4_j»J o nijjJ (intermediate) 

jJjj L_> ^j4_J JJj U J (Jji4__j4j Jj4 <j4<il. > j Ljj_luJJ Ujj4__i_u j_jjj 

. 4jjjj j (jijj ljajj<Lu> 
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j(Forward) 4ûj_ 


> (jjjJjt-j (j—jljli. (Jjr K) > jlj—JJ (Jdj-ûj<L> 

(reverse) <GIj<ojj 
K=k,/k.,= C D d C E 7C A a C B b 

(^jUU —«ujjIj j(HI) j_ujilj (_^j—Jjjij j —ijjj (£»jljr\_j jjJ 
^ jjaj j_jöj 4_j*jlj^j ^ jjaj <4 <. J<i< Vi I '<*<<-1jj<L> <U (ljjLjjU 
jLIjj<L_> (j-JJ> jLj 4j4_jj 4 <4~. .V'.j-L (^ ~>i»j öjljr<_j I -l*< <‘< .4 jjja. 
Ljj lj4_4 jJjjjjjjlj<0 jj (Jöj4j jj djdjdJj jj 4j>jlj^<U djjjj) 
jLi Öj4_jj (III) jjuU (Jjjjjij (Jjjj (jj4j»jljrj (( jjjO) 
jLi »j4-jj j»jjjju>Lj ^ULujjjU (Jjjj ^^Udjljrj jj»4j<L> 
j*4( jj I I I jLi Öj4_jj j»jjjjj>Lj (JdJjjij (Jj-JJ ^yj^LJÖjljjj J^ljj4_> 
|>JJ jLjj I J_LI Jj4j jjJ j»4j<L><U 4_jöjljjj ^yjj>j4j ^ > > i>J £-|Jj4j 

(*dj—>L > K (_5<L_>ajljr\j j4_j jj>j (3<L_j<U 4—jj l£JjJjIj4->) 

jj ~<- . djUL_j (_£<L_j4jj>j j-4 0 . ■ - ^uj.1 Jj4_> (_£>jlj\__j IJ_jjj lj<U 

4 <4< ■ IJI< _liijjJ Lt> V>j4_L)jJ>J dl_ji 4—iljj>J j4_J ^yjljj—j 

: <U>jja_o<L> 

FeCl 3 + 3NH 4 SCN ~ Fe (SCN) 3 + 3NH 4 C1 


:<L»jja_o<L> 4j<tjjJjtj jj ^j.i<L_u j U> (jjrjja, 

K= [Fe (SCN) 3 ] [NH 4 C,]7 [FeCl 3 ] [NH 4 SCN ] 3 

(^jrjjua. (jj_> . j4_j>J 4_ilJJL> j4j (C) ^jj 4_> jj >jl_oU j lj4ilj<lj 

(»4 _ j<U<U) FeC E3 *<<4 . d_ oj lj >j4__!>j4j<U .>jr<j_>_a. K ^<*.4 ...jIa 

^jj4j jOIjj>J -**«. “Ij ^^1 j>j4j 4j4 >< >4 1 ojLa Otj>J JLj j (I Ja.1 Jj<U 

(j/U4—j (jjj>4—> 4__j>jljr<j —ji>j (jj-j-d Ol_j>j jL_>jFe(SCN) 3 

.Ojjjjj>J Fe(SCN) 3 jjuuU ULu-u juuU 

<_><La. (J <1 j>j 4_> 4j<ujj<L_uuj La jj4_j>Jjj (^ojjjjol-j (Jj-Jjjljjj 
>j4jjj<ij>J IjjIjJ<U .Olj>j (»4j jljjj>j LfFe(SCN) 3 jLxu jOIjj>j 
jh Ij «« (J<Lj4i jl J4j>jl j\j<U jjj>U ^yjjjU (^JjjjiU jj 4 j > IjLj (»<U j4jjj 

25 


■com 







î^^od j (jJoi fs1jo>dj44 ^jLa *S 


■ XY j AB (_yil£oJjj_£ jlj^J L y^ ' j b^ t£j' ^ 'j* •( 1) 4jj$ 

(jJ<l_IL^<(J «i < > 4 < sjl jtS (_jjlj_jjJ<u ojj ^ijj-Ê 

L$ a jjj E a_ ojljJjt^jj j^j j^j u Ij0 4 j jdJajjjLj (_jljli 

. 4_»4^d^lj Jj L& 4 ^ tljl^ 

J &t E2) E1>E2 U <Ij E2 BYj AX 4jI Jj4^ jjJ ^4j 

dL-jji^ jdjj jjj..*«4-> x_jE 2 ^x—Sojjj ^ojl —j jO— j lj«(— j (E1 4_l (j_j 
jj j<i_£oJ jljjQ i$Jjj°J '-‘ Ij 4 - 1 C>-*j&oJ J<l^jj XYj AB (_yjLSoJjLj 

■ BY j AX 

|j«(_SojOj4^jjjj <(-Jûji<lI (^jLLL^lJ jjJ (^jjlj-SoJ lJ(l) (_j<lAjj<(J 
(j<(_SjjJ (_^V j«_j j^t j»o_j <U<Q jijj-joJ E2j E1 (^L^ojjjX-S fej jj i t 
jL£ojjJj£lljl£ jjj<(_^ (jjL^<Qjjj<L^ jljjj (_jJjl-a QjjL^ • jE* (_jajjj 
(transitional state) ^ojljL_uul jÊ (^jl-J Ij <(—j (_jj_jojlj ^L-j <(_Ijjoj 
OL£jLa Yj Xj Bj A <lSoj<( ii)Su jl jj^ j<uk Ijjjj<i£ o i jj o ■ ■■ jj j 
^ yjojljUjilj^ (_jjLi jj (E*) <Qajjj jJjjjjj <(jlj<Q ■ jjjLuijj <>j<Qjj 

. £j4 1 )j4-^t> J 

^ 1.4 <>4jj4j j4-t-u<U 4^4-04 i-i 41 uu Cx.t col J-ijjj cJLjJ j j4_j 

jj-^jöj JJL_ij (_£<>jj jL£o Jj<t__^ jO— jj Jlj (energy barrier) iJojjj 
< t ‘U^jl jlS (^—iIjjQ .El-E*=Ea jJj££)ÎL_a. (_jojj O-^jjjJJ ( jju *> 

O 11 jQj.i jJji£iila. (jojj LS tjjj££VL». (jjjjj j<Udu <Gl£oJ <LiUl» 
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(^jJ ’■ ■ (‘L' Bj A) AB (jjj j I_ 0 j < 1 jLa.»j <(__i<tjjjjj (»<L_j 

(j<t_Ijjli (jOj<t_j j_> OHjj Hjjll XY (jdJjL a J<uJ<U (jli j j<l_ ^ 

(_y^<(->ljlj<u Otli o■ njjj BYj AX (^il^<La<tAj<(j j Ayj Bx (jjiojti 
<>ji>j<Lli jjj ( j^jIjo Lj .aj<Lijj^aj djj jLGt£oj<( jjfl*>jj jLlo Jj<t^ <jj 

ojj<i S (jjl£<) L>J j4Ê jlj—jj (distance) jL<i $ jj<t Sj o ujjj 

jLjlJ (X) (jjOj<G j<Uj<lI j jjjşjjOJ jjLuiL (j<Q<(j<(j jt£»jjjj.£jJjl£ 
i $ a JJJ ( <’' jl jl^ (path) (^jJj—Jj (^j—SjJJ (j—JJ (X) (^ 0 j 0 j<lL») jrû—ij 
^ >4 A (^.1 (_y 04 * jouiojlj (Y) (_^jOj<Lj j<( 1 n<(J (jl^<Qji<tj) jl£0Jj<Q 
Oj<(_L»l^ojjjjj (system) <Q<u>< ('i ,..j.„ (j_Q.jJ <t_Sdjaj<Qjjjj <(_Jja 
YjX jlj_û (jojl_a Laojj<lj& jAB (JOJjLo<lJ B j A jlj_jj (jojlj<t_£ 
AX <(J jlj<U_> Jj<Q jlj_jj (_£jjl_a I ' < ■"I<d I . <t_a<l£ jjj XY (^OJjLa<(J 
4_jOj<tj (jl.jL> jin>j<t—i .( (1) (^<(_Ujj) <L_jOjj<t^ jjj BYj AYj BXj 
. j<uo (■ ><i^<i * <i iiiUiiitJ XY j AB (^l^ojj^ ljj<L><t£ 


(_j)î -o(El) (potential energy) jL<(_Sojj j<l3Lj <(_jlJj<t^ j<i_i 















j»<L£<L><Ll (j4jjjjjj j4j4£ iJjJ-i d$<L j ,j^jj4_ui <£jilj_JOJ 
j<Llu«L a. «* ,jj4j Iji-QjS IJJ4j t jt&Ujl in l£ 4jljjS jQ <LÎlA 

^<‘<‘1IjLS 4 < *■ IJLS j»4_j4S jruJU jrûl jJdJ .4ÛIj*J 4 jlj J j-LÎLjl 
j4l (_Jjjd_£ 4_iJj4j 4iljljjjU 4Û. jJj l £ j4j ^<4 ■ jjj4 jl 4 * «l*» .djljjjlA 
4__S */u4__S Jj4_I jjj ûLÛJJ lj_Jt_l_L> (jjl J_u>4j (_JjdJaj _> jlj I jl—û 

tlmtjtt | < «■ ^ 1 ^ 

ujj-i 6Jj4-m^4 t ^^4.. >i4^ jLj c) J > Lajij4J 

JJ4Ş. jjJ O-Jj^OJ jû (jJj4_S jjJ4_J d4_J ^>4 >1. .i»J CljÊ 4^4jj4^j4j 

jt a jj*j*j_>jL ,jljl £ d_«IS 4 «4 a jljj__jI a ^Jjt < 

jlj-ûj <j£jJjl-£ 4_jjaj j_j) j_i lJjljt_ia. ,^ajJ4J j l_£oj jJjliilJl£ 
4_SdjljjjlA 4_S.jJjlS lj4_j ((jöj (jjdJdJ-JjL (jljLS ,_yjjJJ4_> jLSdjlS 

.(heterogenous catalysis) d4jjjj*L ^jljjjU <_y£jJjt-£ cLjjjöJ <_yjj 

4 ■ '1 ■<■ ■< 4_jljjd<J »j»»aa.' jLÛ4 > d4_>jj_i.L (jjljj_jU (_y£.jJjLS 

■l!j>*4j ^l^^jjjjl^ jjJjU ^jlZlÊjjÊ 
^4jtiljj^ j4d jdJdj_>jL ^ljLS j-Saj jLSIjjtS (_g jj wit jj jljjl^ 
oj4^4 Lj-aL (jjljj_iU ^< ■ IjI < (jjA4_j Q-ijj itfiojjl£4._> 0 j0j4 ■■■ 
■ {gj£a J Q ■ njjJ jrtajjJjU j jrta.jjtj L<J jjj ^y£-jjj4j ljjjj>4j *~ ■ •■ ■ ■ 
j4_u>4J ■ (j j ij |}< jl£4_> (j " i jl i <» (jjOJOJ_JjL (jljL£ (jjjljjoj Uojj4_4> 
J4 < ■" Jj_> <^i l&Ll l Jjjjj J& J4S4J jjji-a jj4j (jOjljjU jrujL < j4j 
(^■tl^a.44 4 <4 /> j ■ *■ /> jj4j 4 < . I '4 <4 14 < ■ *■ 4 . dLLjJj Oj4—LJ Ljj4j 4_£j 
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j4<<V1 ^ (jOjj4_£ (_^4 <4 .Mjj 4 .£ ■<jU .Oljojjjj Jjljjj. 4^4^ jIjl£ 

■»l v .~l< . j |_> 0j4_jjj Oj4jjj • .-4 > 0 J (K) d.jJj l£ (_y_>ljjj. (jjrt^j&.4_> (Ea) 

Jlj IJojj i" 4jj4j j4_ui4j (jjljjLi jl£dJ j 4_£ ‘*Jjj j4££^l-a. (jdjj 

.OIjL jjj IjJJjjilj4j 4^4^ >ljt£ j jj 

j4 <4<*. Ijl£ jl j 4~i i oj YOL_SoJ dj ui>j g jOJoj >jL (_yjljl_£ 

^4-J .OL£oj ■“« * jjJ jt^4jjL0j4_ui oJJt-o (J 4 <41 (jjjojL (_y^.jjjJLj 
‘4-Jjj jj4j Jjj jrj Jlj IJjj4ui4j (jJ0J4^ (j4_>ojj (_yjjji4jj4j j4j IJOjL 

O-l-lOJ Q ...jjJ (J 4—0j4_> lOJ Jlj l.>4 <4 jjj 4_i_jji4jj4_i j4 i n4 > d. .1 Lj 

• OlJOJ JJj j-jljli. 4__£4jjjjl£ jOJOJ_JjL ^ljLS (yjJJ44—> 4__jlj4i 
(»4_j . Ijjjijj J|4^4J JjQ< l4j (_yjjj4ljji4j (jOj4j Jjj-ii L jj A j4 ■ ■ j4 < ■ I ■ 

(_yjl_Uijj Oj—LJ p L_jj3 (i4 £4-1 ,OI JjOJ 1J < J L I *«j 4 '*‘4 -v 4 . 4 < V .Ijl£ 

(jjj4_^ (jJLLjjjLS jr j uigj j 4_> 4_>4j4£jJj^j^ (y-JJijö (_y£jjj_3jjj 

4_]4j O-jjoj q ■ .■jjj (jjjojL jL l joLa_i4j41 .4< ■ <j■.■ (^jjijj 

jt_j 4_Ö4jjljû. jL£oj«< ■ ~«. lj 4 ~ .jL) ojlIjjjt ■"■«*« A ^*■ ■ ■ 4 > ojOj_jj 

4 jjjjl£ 4_JLjj4^ Jj 4 <4 I .~4 j JjQ<l4 j (jJj4 £ .(Oj4_ilj<£ 

.B j_> o—>jj^oJ jo->jSoj.d4_i A (_j4 <4 . jjjpjL 4 ~ v .,jL (_j4<4 . .44 -v 
j4_u> (j4_£4j4a.jj 4 ^jL jljjj (_yjjj^4j4jjl^ 4iljj^ j»4j (jj4jJlj (JjJlA 

(^j 4<4 ■ . ..4 *^4 ... 4_|jj\^4J4j 4 1 j jO. j4<4 j * (^j4 < 4 *■ j *J' < 4 1 ■ Jj4_£ 

j4_ui 4j.l_i.0J 4_S4jjjjjJ tj_3l jj 4 ‘4 <4 ljQ< l4 C « j-t. '««<j‘‘ (j4_J_| J j4_£ 

COj4_j(jljJ .OL£oJ Q.iinjjJ C t?j>IL jjj a *ijj m^ jj j j4^ 

(_joj4 ijj l-._i.4-j 4 <,OjIjjj jaj 4 ~ v .tpjLa. C (jjjJL4_J jLj (^jjJj4_^ 

J-_Ö4_j (PlSj-ui (_y£jjj4_^ jO-oJ (jjt-Jj^ D ^4_JJjL4j dLjijJjjJ 

■ û > ><>J Od141 JjJ 
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dLjJij l£ j-^jj j_> Ll i ,,i<jjru j_jj_j jj4_S Jj—SjJ 4_£dj j»4_j 

«_>^_ijj 4_^i>j ^4_j l aj *‘» iûL^jj ■••■ •■■jj j (jj__i < <*■j jöl.^»J 

oh + h 2 o 2 _► h 2 o+ho 2 

ij-ILuu jdjjjjjjj 

HO' 2 -► H + + OV 

_£jJjl£ (III) j mlj jj_4<4 » »11 ... d '| ■ -. . J 

j_> Q. j , jiÎJJ (JJ|<$4 ‘II ■■■ ^ '■ ■—■ . ..<j‘. ^ <*>J Jdj4—JL<*>J_)J 4<4 '■ ..■ I j 

jrtauuSjj (^Û_>Jj4^ 

Fe 3+ + 0 2 ' -► Fe 2+ + 0 2 

-jl-A 4-£_iJjl£ (_JjlJ_j^4~J u S-J j£ jl__jLilj jj-a4-j 

J1- 5> ^4 1 \ M jdJdJ J 4_1J 1 Lj G 

4jI^ jJj l£ -O^jJ^dJ 4^4,^ jJjl^ ^jI Jjjj J4^4J 4^djdJdJjjb 

l» 4 ^jduUL^ lIj_uu£j4j ^J4 X4 I • Jjjlj-jlj 4 l > > cLt.a£J jjj 

j4—uu 6j4.\ uj4^_» L c j^4 A,i 4L LjlJ Lou Ij Lj ^JjLjJ j4_j ^^j Jj^.i u L>4-> 
j_i A <_£»JjLa (^jLjjijS (^iljj-^ J^yH jaj< t > </t 4, \' L£ (_y.JJ.ij4_) 

4 <4 < 'j -1 < ^ * 1 *—j 4 . .. ^ '1 . ..4 1 *j 4 *t *4 < t ^ ■**. B (^»jjl_a 

4 '4 A ^jj jIA -4 . A (_£*J J I a (_£j __> '4 l '4 . ..4 I j 4 < I ■ a ■< 

B ,j;aJJLa jj jl j j<4 * ûLiaJ .**■ ...—.< .**« *j<—.' *j4 < 4 <—I-4< 
^yiLlJ^j J»jj4_j t jrLjjjj *J*J (_,.JLa4j »jljj£ j»4j j4^4j 

(^ J4.11) (j jj_l j4j ) X (^JJ J( \ ) (j Jj JJ4 > j4 J 114_1 4 <4 < « Ij l< jjLi 

(_£jdj4_j j4_uj4j 4_lB 4_S4_*)4 _J>j4j jA (_£djjl_a (_£jj4_£ ((jjlj4_» jLl 
(_£j_j (j4_>*>jLj4._^. j4j CiJj4^*>J ■**■ .■■— ' jLa■>jLa-UJ. jjJ Ij4j t(Y) 
(_£j4_)*>jl J (j_>Ij4>j4_uj (jjLlu4J /100 4_l (j^.jj4_> Ij4j jû.jjj»>J A 

. IjljjSL (_yjl^4j 7.0 jj 
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j Löj4_j . .**■ *"A ' I ' l4<4l .T. .< v .< .*:■.~ j (jj^*>J_<4j 4__<*>jjj Jj4_^4j 
(^öjLa jjJ4j jj_> (J-»L jajl (^4_>4jjjlj (jjl 'lj i 3fl 4 A j4j ^4_>4jjjjj 

.(catalyst) djdjdJdjjjL ^jl jL (jjA4j ajLu 

jjjA4_j d4_>4jjjlj (_yj Lu>djj4A4< JJj ^ LL>4_> d4jJj4jJjL.d G l~ ■ •■ ■ ■ 

(jjj, jjjj 4__JIjj ^4_£ (j < )jj .û)lJ > jl uuj djdjdJdJ )jL (_jlljl._£ 

(J^Jj4L £gjiL) CwJ)jjj (jiLu>L4j (^jiljjdJ 4 jÎ>*j djljlA j4j) j j'> 4 <~> 4j 
j l*>4 < >4 a (j J_>jjK j(Lj l i iiLjj (jJL4S.i4-aj4_> (jJjlj-i *‘.'j< L< ■*» 4j 
(^ajljr;—^ —f J a J d —(_^4—JJjjJ jL.—i dj4—<J (11) 

j- ■ ■ . ■■<jj* ‘ » <Ajd*. 'j< ial**' (jjj_> jLj dj4_<j jr^jjJjLA (_gj mi<jjj> 
j-— ■ ■■<jj (jjl^ j jjjljûJjj4A4j C)L<JJ OmOJ (jjjjjflj »<»*■ ■->. jj ' .1 a 

• J 

(^jtilJ4__) jijj4__j d j4 jjj_ujL jj (jjjlj-döJ 4<4 *lj J , , . < jj (_jjL_^ 
J_£ 4<4_flj4j4j j4 I „<4 j *■ UOJ 4<4 I >jjj jli4j jlj<j4_ft djjj < ■ »j» lfl~ 

(jluj4_j jrûjuûaj»jJ4j& jj^jjj_> La (j j_>_u»£jj>j jLajLa. ^4_j ^jdsJ 
(jj^jj 4 J 4 Û djjjj^jJjK dJjLa J<dj4_< djjdJaj-jjL (_jljL< (^ijj)4_> 
^< ‘IjL< OJjJjdJ—jLjJ 4_jl jlIjjjlA » < ■ IJI< JJj_J. j»4_j . (j_J |J J-Lji, 

(PLajj^ (_jjlj_S4ijdj (_£jjaj (jjL_j (jdjljrjg .(homogenous) d4jjj_a. 

(_gJ 1 ,,,<jjrJ4j d4_)4jjJj jj4 — 1 —*■ +■ ‘*ljj 1 'j4_> jlj dj4-<j _j ■ ■ ■■l~j ■ 

j_> o >jjSaJ (_g4 Q<*»aj j4 ,„<4j 4__<ajlj-S .4_<j j_j > i^tjjj_iL 

jr» ^ , „<j J ^fjL^ (j-aJL) j(4_il^4jjjdjL 4_JjjL (j-^j»j j4_j) (j-)4-Öj4jj 
j_jljj-j. (jjilj-iaJ jj j_jLj> (_g 0 1 n<jj-tj (^.ijjLu,öjj4_4 .jj4_iaJjaJ 

Jj4_^4j Jdjjjtj jLdjljj^ j4_j .dj4ju)L <_yijjL ^jA4j (Jjuj4j £j£j 

d^La. 1 ) ■••^jj ' ‘i A u-Êoj I j_a4Û4j (jf.LjS^-l .OlJajjjj d if.Lijs 

:4j 4A (jdlj ^< ■'■ jjr<d i»‘. O-uJJ q,,i jjJ 

Fe +3 + H 2 0 2 - ► Fe +3 + OH + OH 
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^jJUA <jiLliljjS 

^^AjL-ou^J 4 ‘Cl JjLS ^j—lljJ^. l_J “<SûjLa4—a. ^jV (^iljJJ^—J 
<_£djdj4_J (JdjJjScj 4ddjLa4_a. (_JjV Ij4_j <>J jjLjJ IJjIj^JjLjJ 

B <_£*J J La4_d -4 < j _ ^.jjj d_ jj j I_ aj5l t < j_>»J jj t-Tîj ( X ) 

.(accumulated) dj 4 jj.j»Jj£ C 4 J ^ 4 d ^jiLijj .CjjjSöJ jl^ 
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Ti rr>e 


. ji<4< v , ij d ^yjK j ■ ■< ,~4 ’■, L2 e>j La4j^> : 2 jAjjj 

djÇ 4 J B jj A <jjlj>^ =a 
■C > <>l;B jB jj A ^^j ^ljJ4J d4j (jiljj^ = b 
OLSaJ jLjj C ,_yjj jjj_uu jjJ ^yjljj,j. j^jj^aJ 4^4’im ijJ4A jLuiL 
Bj A ( _ J jl^4_^aJ4_i aJjLa jdjj.j^. j_ili LijjLLi 4 _jjjj jLij <»4 _j ^Sl4_> 
OLS (^jJJJ j4jjj4j C (JöJjLa ^ij j i~i., iJJjJ ^yjljj^. i4jlj<d . jjjJöJ 

C (jaJjLa (jaj4_ijjjj£ »**4 *. .!< (jajL4_a» <_ga jj ■"■ jOLSaJ ^4_j 

(Jj_l (_yj4j^j4 ni4S j«’■ ■ I A4 -V . aj4—J 4il_jjiL . Cl_ uaJ S ~ ■ * J_S*J 

■ 7.100 4j 4jl i <iS4_i (t) l ■< ."1 ... j4 aj l C j B j A ^jiLajjL 
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4_jlj 4_jA (J*JjLa (jejl.a4_a. (_J4_u jLj 4_jjj B (_jJ>4_Aj4j (_j*j lj4_aw 

(_jj_i . IjLjjSLi (_^jl^4J /.100 jj a j4_jjj»J jj4-i ji_uj (_yjl£4-J U/.04J 

(jj>j»j*j4_l dL>jjj (^4_>jiajj4j j4_> (jjjljjaj U(t) (_yil£4j A (_jaJjL> 

:dj4jjjjjjj Jjd jLajjLj 

X A =100e" Kt 


. 4j4d4j_Jj L (_yjljji. (_gjr^ i~>. K 

: jjs_ulijj jûj4j 4jd jjCû j»4j d ^ * ljl< jjCaJ , IJ .7 iOj4j j4 j 4j 
(^jljjd B JJ jjjjdaJ A (_yjddJj4_S (_Jjjj I>j4_4> (_y^4jdjtaj djjLj 

. jjjjSaj A (j j j4^ jj B(_yil£aJj4d 4jl j OlJaJ jjj 4jl j4a_jj 

JjLj 4. jLS>J 4d4a4j 1 ■ 11 j__>jj ^<4 .Ajl/. jj .| j >lij£4j 

1 J lSi4 ...jl A (_^J L4_| 4_jadjjjlj L < ." 1*1 V »~l< ,4jjjjjjj (_y^i4 ■ ..jl A 

(j4jjj4j 4d4S 1 ljd (j>j L4_i. (jjjjtCû 4jljjj A 7.25 j4jljjj B 7.75 


jL>4 *s 4jjiL Sja 4 *s jjjlj M j jjj (jd.jljL_._S djljjil-J>jj ()2) 

(jS 4 _ijljjd. 4 j j-iljiaJ A (_jdJJta 4 ijjjj j> .ajjJli jjj (Mechanism) 
(Cjj jjJJdJ K ab (_j-jIjjS. (_gjr^ i~^4 t) B (jaJJl-a jj Oj jjSj jIjSj jLjJ 

(_-j <4 ■ .lj v .L (_jj.C < . -».) C (j4_i.j lj j_> Cu>jjSaJ B (^aJjLa l . < ■"l<41 

(K B c 

K AB _ K|: 


B 


V IK' 


-C 


JJJ4 4 ^yjJjSj I—S j jJJJ.i— jujjJ <_j—jlj-fd. ^yjlSöjLa—a.L> 

A (_J4>JJ L_a (_^4ddjLa4_^. . O j4_Li 4S_> ^.JJI »j|jj_S (>,4_J (_jjLd»JjLa 

4 idJ J La (*4_J 4djja^. 4 1 1j jj 1 T 11 j (_g4 *\4 ijjjû (j4Söj lj4—5, jddj 

. C j > ‘jj< A ' B <_g4J JLe4 < (_g4 i ,,lj j4 j (4_j|jtj (jj S) 

j.Cj4 * j4_i 4_>LSdJ jCLSaJ jL_>j B ^aJJL-a jju IJLaj4 id 4J 
4djIj_a. V 4__l I jtj 4_a4j (_^_^.jj . (u>2 (J4_jjj) C) LSdJ j»4_S jt_CiL 
4_uiIjj,A C (JdJ JLa j_> (_y mi4 S4 MjjS (_j_>Ij_iS. 4_a4d B (_£jj djjLS 
(<>u»J jûLjj ^j-CicSajljjd (j—jljjd. ju jûjjj d4_>»JjLa ^jjLi) 
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^ÎÎ4_J j»LÛ4_j *j4_jLadJ jl »^»lIjlS j»4_S4j 4_£ 4 iû O4—a^dj 

<Lo ^W> dU “ ^jjl^LajjJ t j-jjj4^4 ~l'i m »J ‘^-L-uuj^ 
^Lj-uu 11~»4 *Î4^ j-»dj_» j»Laj4_u djjja. j4j Jj2 »Jljl£ 4 jIj jûIiL 

d4_»djjljU» 4 j—uljjIj (benzaldehyde) (_£-»__> L^j-iJajiaj jO—ILj^ 

4-j LKjLJ jJ (jl »« »< (J4 ^ |<Î U»4J j» 24 _» jjj <A .,.A,' dj4.JIa4j 04 n %ajJ-» 

■ jj4^A.» t . i.A. » 


4 * A j * •"■ j»4_» jLjdjljr^ ju4_^4_» : j_Lj ajLoL j-> Lji>jJ__u ^ajljj^ jjJ 

^ * ^j ■ - * ^ <">j-»4J Co (OCOCH 3 ) 2 -4H 2 0 4 J julj^ 0.3 :(jj£dJ aj Lj»L 
jL-LiJJ u 40 jlj *j4.Lj jlj jÛJLjJJ u 10) dj4.jjjjj IjjLj4j *jI jLj jjj 

e 5 jL»L ( j^j^ jjuu (j-4«jj ^Lja.4.J (jjjljjaJ “(jjLL ^jij.Sj-uu (j-4»jj 
jkdjjJ (j-jjj^ JjLalj JJ ■ (O-Jjj-i^J jl^4_l 4 .Sjjj» j^jj j\ 1 1 »11 u» 50 

^yjI »-v4 1 1 (jjjlj_jdJ) NaBr - j ■'j ■ ■ ■ j; ' 1 a jj * ^ljJ^ 0.03 : ajlj\_^ 
lj—iilIj^jjji (_j4_jjj (_gjj4.j~i iVijjIi 4_J4^ ^jj ~* v 'o* jL4 ..j KBr (NaBr 
10 4.JL) 7.90 ^y-Ojj jûJLJLLa 10 4—1 (Q_Jj*» V »ftJj jL4_» 

I ' < .L. I 'ja 44 1 J.Li>jlj\£ JJJj4.jS . Jj4.Ljjjj (IJ4£j-uu ^jJ^. jj jûJLJLLa 
4 -£j jAji-Ê (_£J4_uu (_^4._L /0 l_J IjjLj dL j 1 15 jL4_J j4_£j J)4_£_i.j 

^^ «Ij_j (_gj 4)4 » j»lj*Jj4_j 4._Sajllj>\£ (J 1 »J (a ~* * Q * jL4__» jJ I . aI 1 ) 

4._llj jû-OL j»24_J OJjJ —1 d JJ d4.jl_s. 4L_.i. j4.£ JjL. I_ 1 4 <?)JJjI) 

(_^jjj L> 4.j— u4.j4j» j»4_j j-j (jjl jLi> J ) (J ~* JQ * jL4_» ■•>!< ■ - j-jA '< 

jJdJ ( a jjfl' jL^4j 4.jÎ)jjÖ 4Sjj (J4jj^4.j JjLL jLjjjJ (J4.jj^4.j 

j_S (_£4_jj£4_a (_jj ljjj&j L 4 ..J 4_» (ji)jj4._j (Jj;_» 4_£djljj\£ j L4_» Ij4_A 

(j-^4_»JJJ (JjA4j4£ Jjdj4££_Öjj j-S (jlj4_4l (_j-ajj4j . Jj4jJj ’s^ » 7 ijj 

5 L—uu-L 0_Jj£»J 4_^djljl_j j4j_u)IjL djj— uu^ jL _j 4 Oji-L) 

jAji^ (j4JL ûLjL j4^ojI jr\^ jL 4 j4£j jjL gjjJajj4j jLJLlL-o 
(JJ—jjj 4_> jdj4__JJjjL.AdJ IjjJ4 ■■• (J4__ij 70 4_I 4._jl 

l,.(<4 '4<J 1 .(jjjJJ IjjjL4 j (jlil j 4-A j-ajj4j j(jjJJjL.jj 
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A—►B—►C (jjljJji)4^ (J4jljl jLlj. 4 ■'!■-.■< d < v .Ij 1 < j4d jLj^JJ 
jl_j Kb( j KAB (jjljl-ua. (jLa 4_» (jil-^ajljLa. 4_c.Ljs »j4_» 4_jjd*j 

. o 1 toj 

B (JJ-jttjli (j4_jjjlj (Jttj4_ijjjS LttjLtf.a. (Jttjjjl) Jj_ttlL»4j4j 
j4-j <jJJ4-j d4_j jLjja4_Ê j24_» ijjjjÊ&J 4^4£jJjL (Jjja. ^jlljj^^j 
jJLaJLL ji4 a. d jJIjlS j_-iii>j L) L L~i i~i »a j» 24_» .4_»4Jb jL»jjj (jj4_j 
(^4 _»*jL jj Vq 1 »4 A (^jl^4_)-LdjL djjl-a jj jjji-i (_Jj4 _»j4j ^jj4j 
J-H' j j^Jjj J ÛJJ-? I-^Ijjj 4_itilljts djja. j 4J jtSLIj jjjJ 

(_^j LLj4_» j Ijttj4_uu4j I |~»4 *» ,4 j4j_uu jl_L jj 4_i L-jJj L djjua. j4_j4£ 

3j-u<-u.jJLiJ .(_j_J .(j-i ^yJ^jîj-uu (jiLjj jLaL J Lilj JjJj-ilj (£dJ4_uu 
Ij * V ‘*L< aj4-jjjjj 4iL.ll IjLS Jjjçu j4J (_y£.jJjt£ j»4^4j (B.P.Belousov) 

Jj ty £4jJjj_-I)4j d IjL. jj4 ; jt$4 tjjpjL 4 _jj jL ‘«l<4 ‘7 “I » 

4_iljjj*jL 4_JJjL j4_J djJÛ»4A . jjjjLaJ I J_L jJIjLS (jLI J JJJ jij Lj4_I 
.(»4Aj4j jj jl^4jjLdj4-uu JJJL ^ljj^ (^jdJdJJjL (_jIjL4j jjjj 
j»jjjjuuu (^jIj j^j^ j»lj-^ 0.16 j(citric acid) djjûuu ^^jijJ j»lj-^ 2 
(^Lj J^y^ (j-uuj-h* j-L—LLua 2 Jj»jj_uutjjj (j-îLajj^ j»lj_^ 0. 2 J(IV) 
IJjL 4J (djdj4_^j jjjj jLa. j_uu 4^4 ~i m 4 Û 4_£jJj^j^ (j-iijj) jjjj 
4 _£j jl j\S j SiaJ (_y jjJttJ t jUjJLLa 1 0 4_J 4 < » 4_£djL4S jJj4_jj jjj 
IjJjj 4__» (d4_Jja. jjJ j__» d4__j j4—A (Jdjta4_l) Jj-L ^4 jO jj »7 )4j 
( j ■7 i4 ‘ 2 4j ja ■ JjjSoJ Jjdj jj dj4_Sjdj j_» 4_1 tuLldj (jj jj djdJjdj4j 
(jjj^dJ ‘LLjjJjL ^4jajlÖ4j Jjdj (IV) ^jjjuuu ^lJj^j^ :4 jûj4j 
(^jIj4j4j 4_iLlljl5 djjja. j4j ^jjjLja .uJiidj (jJ (^Ce 31 (^jjjtj jj 
A..M. ) ( ^J ) » i ~ 1 J~i jjlj jij—j .^4__J (^yjjSj—uu (£j4__^Ljji j4__J^4j 

(_yS4_»ajjlijL 4jLL jJ jl£ Jjjju j»4Û jj-a4j jdj4_»ljJj£ jLjJ (zhabotinski 
(zhabotinski- Belousov) ^ m'i i~ijjlj —^jj-ujJLtj ^iLa £jj jL^4j jjj 
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?4>4 tb (d4C^4> (44J JÛ4> 

—jjdj gj— a d<(__j<tljjtj (_£<>jdjdJ (_jjl—S jjj (^jjj<(__j 
jjJ d<t_) jLi dj J j<U ^2<L_> .Oljl_j jl 1 <i l*> ^J<t__)l J_lj (_£<L_jla^jj 
jlj£.jjL>J ___ » 3 .jd d_>jj<LA j_j_jJj£ i_a i~i<K j.j jjjxL (jjljjjŞ _jJldjl£ 

£<l_>L (Analytical chemistry) (_gjK > .» (_gl_ lj_l£ .Ij<l_><GjjIj j<lJ 

.OIJJJ I ' ■ .1 ■ /. ■< 4 j_>jtj<>J jtS4 "\jj (Jj—> j_jjj y (^j|jjj<L-> 

(Analyst) A j A j*^ * <j> j<L_>V< l 1 ■.!■*■< a< ■ 1 ji£ jd> j jj<lj> jGjSij 

*J<UU<U (JjjlJJ t_j <OjJ jl£<L> d<t_J<t_LJ jlj »1 > » >< ~l (]< > ' *> >~>lj JJ 

(_yj|jj_^ dL>J_j<U (l2<Lj Cij. jj—> * * •y~“ < j <t_j tj_> GijS (_g4 S >al~<< I Jji. I_> 

(Jdjjl_a Jjd. I_j (^jlL-lj U> (jjljj t_j <L_> jtjj ...>y>><< j<LU «* > a >< 

. jjdddj C'in»J<ld 4 * >*> Ij (_£_>I ■ o ■< 

jj<t £ jjdj > jld<t o\jj (_g<L-jl >*>4 I >tj <> < ‘Ijl£ j<l > (_j S,ijd L > 

(visting card) ^ Ij j4_ui tJ ijl£4_l (jjjjj4_> . jjjjlS4_> jL>oj 4~>j ., ,li 

(J4*> MiS'U (jl-tjjjS jLajj) (_gOjjijS4_> (Jjuj4_j Ajd ■ lj<A.' j|Şa rtAjj 

. Ij i_J > loji<La Jjj. 

<t < oj4__jjj^oj ji<<t ■ ■ n< id ‘1 Ijjt_ <, Group (I) (I) (j<t_i<t_aj£ 

4_jl jÊ ji<<t ■ ■ 1 ■ /. ■< <> < ■__. (_gjA4_> Ij4_Ij jL<U jLjjj^a diaS d<L>oJjljL> 
(JJIJjj_uiji4i j jOJOJ (_j_Si*j (_y£.jJjlS<Li 4-iLl_Ul£j4i IjiLS J<l_j 4Sij2>. 

j <t < < >'■... Jjj 

(jijj<L_j Oj<Ljjj-_u>lij (_JJjjj<L_l jjj (jjjilj—JoJ Ij—iidj4J j<L_S<U 
j<L_jjj »jj < L> lj Sjj<l_>Ij .(spectral method) i _ J S.i<L><LCi (_£<l_Sjj4j 
jLlib .4 iSu^J (J4U (^Sjjj K jjJ_>L o ( _ J _*Iijj<U j4_aJ4j4j 4< > ___< J.d ... 
gjji <tSojS jSojlj 4 Sj j»j4^ (gas burner) jtS (_jlja. <_£jS jti<U <tS<dJ<tj 
jSojlj A v >->- i _ J _)j.i. jti Oj4_j_> <t£<t_aj<tS 4lJ4j **<■*■ >‘< .öljli diSidj 
jti Oj<Loj <LS<tU<ti jljI)L jjdUjjj OJJJ (_g4‘s4 > >jS ^< .in....j< J~>4-L. 
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(_ j S<L_ljO jta j_> Oj4_LJ<La<L>4j 4_SojljrtS j (dLlS4_ljA. JjS. l_>) 

4__Sojljr;2 liOj d.is<t— IjS. ji4-_a. (^ljJ j»24—J (^jj—^OJ ^j—j 

''o 1 (_^ 0 jl—a j >j 4—ilIjjS < S *>QJ (L<L_j .(j L_S (_ J j4__a<Lj Oj4_JJJOJ 

jjjj Oj<L_> <L_ilj jS L^—iOj jL<L_j . Ci-JJOJ (lIj*Jj<L_> dijljj_d>ts 

I tJj jLo 4. ,1 Co 3+ (_yjj<L_><LS 0j4__jjjSoJ 

(L<t_S J jS. tj (jj (_yS<L>jOjH <LljjOJ <lSojIjtlS) C>LSi>J Jtjj JjS. L> 
(O V < iOJ i _ J _><t_a<L> 4_SojIjjS) Co" jj (jjj-SoJ ( (> <tSiJJ^. C> LSoj 

^ ■ >M ■ ..<j*<4 1 JOJOJ_>,jL> L cl ,1—S O ILjS IJOjIJJ £ (L4 ' 

. OjIj<L4> *« ia> ■ ■■< j‘* (^ju4j <lSojj Lgj jJoji<L> 

Ojl j4 4> ^*>>-v Uljijj (^ju4——> Co~ lj._J.Gjj ~ 4 <4 .d 1 

j O!<>s' < ■ Ij IS Jjlfa jJojj<L> (J<lS<U C() . Co jj Q >, ,!<jjOJ 

(_j-Soj (_yij j > ~i i x jjJ (_^lj->j oj<Ljjj* j~> i n jj J Co 2 

Co 3+ + C 6 H 5 CHO -► Co 2+ + c 6 h 5 co+ h + 

'j<*t...Jjj jj ■">!<* '< ■ Ijts jjo-uuSjj J<tS<U <lSoj J<lj 

c 6 h 5 co+o 2 -► c 6 h 5 co 3 

c 6 h 5 co 3 + c 6 h 5 cho -► c 6 h 5 co 3 h+ C 6 H 5 CO 

^jd ^j-SiSoj j(per benzoic acid) C 6 H 5 C0 3 H dL>jji4j jjjj ^ji 

: j ~ij ■ nS jioj CO 21 <tS<tSjjjji<L> jjj (jjiijj Laûjj .Jjjjj<L 
Co 2+ + C 6 H 5 C0 3 H -► Co 3+ + c 6 h 5 co 2 + OH" 

jajajjjj IJjIŞ jjS (jjlS<U jjJL ^<4 ■ aj ■ .".d ■ 4 M< ■ IjI< j4j jjj<u 

Ij_J<lS<U (jj<S<L_> j_> Co 3 Co" ^~>i<4 ■ ■" 'd ■ ^_j|jjjj4_> (_ J j|jjS<t_S 

. o i >oj 
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_A jjJ uu ‘««4 > ‘j-l . 4 ■ 04 /»-u Aj jl »*>!<<< uLm^ 

j jj uu^jjjjU (_jajljr^4 S <.<l1j <i> jl _L^jj j (Sjjj* i (divalent) 

^j<ijlij4jdj ~ ‘* * •"■ u£_jjj (amine) *'*< | j < ■" j U,ojjjjjlj 

jja ajl j^ «< *Ij djdjjj<U (_jjjAjL4 <ûljJ (jjjjo jj<Ljjj (jj.jjjJjlj 
^jljj^j-^jjL-j (J^jj n wn jj jl4-_a. jd-iJjÊjÊ u-jjj2 *_)j_lj j—uu 
(^ ma jjl Jjdj_S djLj 4_S Oj<LjJj*L i?lj ^^4 l)jjj jLj Jj4_jj ^jjjjuuu 

j4_^j j»j4_^ jL^ ^ij-a. j4_uu 4J 4_Sdj4jjjijSij l?jÎ-; <>; , J--“ 

^<L_)ljjlS (j-u_4 .ÖJ_) (jJdjlJ (I) (j-uulo jJJJJj^j^ ( jjl i »J~> jJ?Jj4_uii 
(J4 ^ )-\ Oj4_Hjj j juuuLj j<t_)}l<U ^.JI_uuLj4j I ' .M<d jl<U j4£Vl.a.G 
■<J_UJ ^4jjjj. (jOjljrc^ jlj 4jjjiu) j_ulj <_,£jjLajj j4^4j .0j4jjj^0J 
4^4 ino (_g4 Şja. d<4~. ...I‘. (_^jj4_j «IV*4 '.dli)< jjj iii (j^4j jj~ ■" »*» 

jrLO. jjl_4 j(jno4 I (j4j|jjjj. j4j . Oj4~i))Ojj£ JjLojj j<Luu<Ll Oj4jjj£i>J 
(j-*4jjLj (jilljLS (jiu)j_)j • j4_£dJ jj4_uu 4-Soj^ (j-ijdj jj JJJ i iijjJ 

j j4—Sojilljl^ jt^4—lij J)4—&J j— jj —JJjj. . j4-J) (jj—j. 

(^djljru^ d_)IL£ lj<Ljo j~i m jjJ J_)j (_g jj I.i's jj (jJOjLS (^tLjj jl i V i j') 
Lff^ ^4_)jjjjiulj ijjj ^4jjjj. (^Ojlj^ <ûjj£dJ (ujjjjuu (_£Jjjji£ 

.**■ ■ i a. i .***■■■jjJ jjj ^jjjjJLSiiU 

j»j » ■■■ ul^4 -■ j(jj )I)j*g LjIj .Group (II) j(II) (j4_)<Laj£ ^jl_£ljil£ 

jlj_^j4j ^< ‘ljl<4'» 4jLljjl£ (»4j .Oj4iu>juulioJ jlj^<L> (UJJU)JL£ jdLjjj 

■ j4^oJ jljiioj jijj^lj jjM<j j joJoJ 

j(uj iii >IL£ LjIj 4 >4j<Laj£ (»4_j (_Jj_j ‘«K«i **—j~ cIJ uuO j4j j<t_^4j 

L-JC?. j-j (j)L^4_a^.jj<Ll (jil—_ulj<tj j(jjilj_joJ (ujjjL-) j(»jjjjjjjLuuu 
(jjj'i ‘Vi )*) j Lu> L£4 > >ja. 4_1 )j£oj d_>J jSjS (_j_lûijj cLjjIS . oj4_jjj£.j 

J4_^4J jl »M<4 »‘J-L- 1*1 ‘~1< (»24_J j_)0J O iiijjJ ûjI JjdJ_d (_yj_uu 

O-jj^oj-Ij jl jj^jl jl^ (jj^uuuuLjjj (jiLijjjL^ jLj (»jjjj_uu (jiLjjjjl^ 
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(jj—SdJjOj jlj4__SjjJ (_JJjOj (_j—I jOj 4—.4—2ojL£ (_jlj—a. (_£j—£ 
jş-jljOJ 4<4~ .">->- .j 4.4 1 4/ij.)j ... (^jjjLj (_yjjj__) (_g<GL l~l l*)<td 
(^jlj-S (_JjL_)J (j^4_Jdjjj c jJ4-A (_JjIj 1 jjI_jJ (j-lj^iOj dj^_ii)jj4£ 
(_J0jj<U öjILjj jryi JjlL) (_y-)4ji) j<Llj i7n*i (_J0jj c4iJJjdjj c4j<U 

LfJsî^ uhî^ ‘ "I * jlP* ■ J J d j JJJ^ lj^AP 

jli<t_J jj-d. ( ^ ! Mj*i d_UjL£ O j4_Jj4j4J c jjljl-jş, dLll jLjL£ojj4_£ 

4 __Uj£ j—i .*** * uûojojJ<LA ÛJIjjOJ i■ »4 .~.j(prism) 

t ^4_)4jjj jL_aj^jj OuJJ uliOj (_^ljJ u^idj4^ (»IjOJj4j ^4jJ j<(jjjjj 
(jjjl<t_> jlj-lioj i~i )*i d_jjLS ojj4_2*j q ■ noj jLojl jLjju 

j*j *■ “A.) jjöj LlJ) d<t__> I ‘*‘4 1 .OlJjOJ lj<l_£ojljj jL<t__) Q ili 

(j<ldojj<L) 4 ‘ ‘ Ujdd 4l) . 4jj<La jj£jL) 0.589 (_^4<4 ‘ ‘tj ‘4 .T. (jj_ijJ4d 

OL^OJ <td<LajjJj_uu (j<tJLj j<U (_JOjOjOJ (^j<Lj ^i jjcU<Lj <U Ij 4di>jJÎ 
j-> (_JJJJ-uu 0jj4_) Ojj 4 j_uuIj OjL) j4j -jjjj4_) (_J0jj (_ t < SJ*i , . .)Lj 4 *ÎJ AJ 
j<lj jjjj (_^<L)OjIj jj <(jj_/cU<tj Oj4jj<U<U 4 I li <t£<LajjJ_juu (J<UjJ j4S 
(Jjcjj_i < ■*» ■ uL Oj<Ljj j<l£oJ jjj4_j A j4 jjj-uatj |jOjj4_) Ojjj 4 j_uuLj 

(^ojjj (emission) ^oj^iilJ <4£4ijj&J4j ^oj4ilj4^ jjlJjM j4j .ojjj 

(_£OJ_iOj4j (_j4<4 > >tj ‘4 .i. jjjt jj j4< ■ » >~ (_gQj*| |7|<L) <t£ Qj)OJ ljJ<L^<U 
j_J . 4>j_j jjJLj j_j ‘«l<4 )_ULU4 j IjjLS (_ J ^.j<U<t_uû . 4_)4dojjflj 4 < .V. ‘~ 
J^Ji^-HJJ Jt k j± MJ ^Ji Jjj_uu 4-Söj^lj (£jJ j»jj_uuuU 4-ijjjj 

(jjljljl) j .~ 4.4 ‘A.i <l£oj^4j U.J.Llju C(_jJI£ (^yjlJ<LÎ. j4j jSj&j (Ujjj-Uuu 
O j4 ‘<*‘4 .4 . 7 . J-4 <*■ J (_^ _ja<t_) (J_)lJj (_g 4 jj jjJ j4_i 4 _j <tj| jaj J<t_uu 

Ojjll _ J I>j4j LajI <4 <*>4 >4 .*.*■ 4 I ‘ A (_jjlj<( _ I jL> _ uuj(j JOJ<t__i jljjjj 

(jLILa (jui *QJ «j * uu j4 1 jl (_JjJ • u J l._ilJ ->j “ i «»jj Ij ij-)jV<U) 

jj-u_a (I) (j<U<LajS c jL£4 i ULU4 j <Laljj j ljOj<Uu (4*« ■ ■"■ .7i i a<Ujl 

(_yiL^4 *i i7 ijOj<U Ojljl JT . jUil& fî i » jOj 4^ Oj4—ÎJj^OJ (jiuj_jj JJ—)j 
4 ~ V «j 1 ‘>4 t 4 M‘ljM< j<t__j J / 'J d *■ ■ •■•**« jl<4 )_UL£j4j 4 aljj 
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...< «< 4 lA i^—lujJ jl_J djdj^^^JJ 

4j4 i 1.4 »lj j4^ j<U4J jIuj4j ^j4j bjdJ j^jjJjU ^jL^ dj Iaj4j4£ 

. jjj cJVl^ Ij 4.^4.^. >juIj ^j-uujJ ^jA4j 4^4-ojjjlojJ4j4^ 

jLi ûj<l£-> (jjjj <j^î J ,>^j-^ tr">* :<Uj»jjaj4j dj^jJ^jSD 
* ~< ~* ■ ‘< jd<d .t.j" j L_j A jd a. < j" ■< ■ aj ■ ~. /i j ld ‘. d -u.jLi j<*l <^-l 'jd i 

.4 ^ i i~i ...d<- (potassium permanganate) (^-ajj-uuti jj ^Ui<L^j<Laj<u 

Lj i .1 M . Jjd_j_lj JJ JL£ JjjJJ dJjJJ d—Sjjlj-d (_gd <d ij|jd^jdj 4 <1Jj 

'Jjj jLj A jd < < .»1 v .~a" (_gûjljru-^ .ûjd_i Jj.lj.3lj IjJ jdi III <UyjJ 

4_£<Laj i j n jJdj -j—> IJ ‘~ ^-a j i j njJd_j<J .»ld .d ->.,jL<tS A jd *>.'j< <al" 

. JjdjjjjjJ I 'd<dta"d I 

(IV) j(IV) jlj-a. (_£<U<Laj£ jyj L M i J^ lj gij«Uuo J jjj^jj-^ 

(_j<Ljj^jdj jl£<LÎLjjjl^ tdjjjjjl^ <_jjijJ ^l^djjjj- .djjjjlS tGroup 

^jLujIj< 0 ^ (jruidJ |j 1 >.<7«^^j I ŞjmUJ i^jm4J ^j^j4u jjj^Ujl^ ^oIjÛ4jLj 
.4-^j I j5l.>jpuuûLudJ ji£ j4-t-o4j dU^jdou ^j-cojj4j cJ4j4jJ^JJ .^j4jjjujoLj^J 
jyjLi. ^jjjt-S . jjddLuojjJ ji)j l -£ (_jjj_uudjj <LjljjJ (_gjL^ (_j_iJL 
jt^d Jjn ljjdj 4-jjjlj (^yjjj-a jjjJj^.<L-i jl—> Jiljjj—uu ^K'id )dJ 

. Çu >^J ûni/njj J 

C)-U»J j£»jLi ■"< ‘d < * (ij<Ld djj£<L-ûû jjd (_jjlji>ûJ .d.j jjjû j_! 
l^yjjJjld <_gûjd-J j-J 4_><LA jjj ^<d >d< >_j IJ .7i»j<Ci J<lS<U . jjjJ<K<Ll 

JJJ-I jd j .Cu jd < ' .". ...A' j I <d ■ - I jjdj *.'.'l«d I .". *' . jL 

Jd—^dJ (organic compound) jLSd—usljj«tj dJîûjlj ^jjjj^djJjlSd—i 

i _ J d_ij<L£.U jj jjL L djj£<ui, JJd djj>l£ . I jjj-u<lL ^d_i jjdi^j-öûjj 
,<^_jdJ (jîûdj jd—-jd<L> (]jj_SdJ jd-j> d—Jjjdjd (_ y M ijJdJ jjj d L_> 
(jj»J4_S djj*' 11 l iii — (IV) jlj-a. c g4-l<Laj£ JjS (J-^-^ ( j^jV-' ujû 
4—liijjjû (_ga jj .7 |<L> (_5-iljljS 4_> j j^'lj I I I ^yjlSd-jjjlj (j j^i I. ib 
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I J_.. t jdj jjj d IJJ *d td < jd <* I . . .. jjj OLujJjl£ ' 1,1 (_g jj_>__jû->j 

j*jd " .j"*.' | jjt^<Lijijj4j - j ... .lt< (^Ljjjjl^ jryliLdJ »j4 J 'jJt>J 

•O.Jj4jdJjdJ jiljjjjjt^ jg jjm^ jj 4jljj (_gjl^ ^yljj 
l* j . . i jl ld : j , 7K <L>»J j^L (_gj^4_> jl jLuj. (j-^ d J 4 Va . j i j-*<“ j»4-» 

4 1 l£»J d < < (4j_!_|_ljj. I || . (^ *d , . ...* (_gjj . .. 4 1 ldt>J d < <j< ^ <\Aj 

. jLjj<u-o ^jdjjjdj 4jtS»J <d»jS (jÛjdjjjL jjjjj- (_yjlj<Kj4j 

Jjûjl J-_^ (_gd .*j , .". ^d_ > 4_14_14.J4_J jS «d . jd . ..d < û j__ : , J 

Ûj4j<td.j (jdL <L>jLui (_gj<LfclS<L> j4_jjj J-J..4 < >«d .d" : ûj<Lj_)jj-utjûJ 

»j4-a-u jLiiL d ■ ■■ .< id a ^d_ijutj (^jIijj (_gûjljrd^J d<LidjL jj laj <‘< 
4_£<U)4 j4j I ' < <<d lj<- '*<d -v (_g»jL4_l ‘ûj ■•<■ ( _ J d4_jjja. (_gûjlj\_^ jt-j 
jûj—jjs. <djj •<■ 4__> .~j <■ (_gj|jl_SL .(jj_Lûjj» jIj *j >a (_gljjL<L_i 
(_yjlSûj4__jjjj d aa jjdJ dLj *<d * t—> l~ ■■■■< . jj—ftûj jjj ‘«Kd ..jL 
j-J jj4 *s IJ_> O-juöJ jjjjj4_J j jJjJLjûj tGrorip (III) j(III) (_£<U<Laj£ 
(Borax) I jj , n < % ljjj4J JjLL_> d_>jjj ,_ J -iiiji4J jjjj-> ^jj-J 

(_gLa- (jLa a.J<d J4__£<Ll (j-udljj—> <ll~ ■ •■_^j< Jj 4 a. 'j'jinL ini 

jL jjJ * •«■*< ij <l£j Jd < <~ d<U4_jûjj-ûû <La.jL j4_tu<Ll j 4 *î i j J_ij4_j4J 
d <d ' d < , <d t d < « I Jj 4 . .)<L (^Jjtfla ^ < * I 'j < j < (_y | 7 |jJ l_>jJj jj-u 

<>J-> j jJJ I .ijjj (_j—L j<L» <_jiljj-J (_g4dûjj4-ui ûj_^ (_^ajj4_u> j»J-> j4_j 
jljd (j J<L> jöjL (_yj4_ulj (_jd.jûj jLûI<d< *ljL -j < j«jld(_yiL<Luja. 
O jjj. (_yil jjûJ . ûj'Qjdd- Lua. jj (^iLljiLdJ (»jjjj>4j4j j I jj ld<td d . .*. 
(_^_>J<L>|j jlj djJ<L)4j .O-xd-J (>j-ij-ajJ<Lj j<L-u<Ll d<L>ûj4jJjd-iSL J*)4~L 
j—J lj_JJ (_^jjjJ^jjJ_jA (_j—iijJ dlalJj4_j jLÛ Ûj4—au j»jjlajj4_j 
Jja.L j<L><Lj jLiilj . jj4_jûJjûJ j\a.jjJ_>L (_gjLd (_y al. ^*d i* ■ ..*■' 
jj * *< U ûjj l~l I 1 jL'U jd *., (■ .jA. ' d <d < .jjJdjj-Ll L (_j-ÛÛjj<Ll 4dûj4_ll j 

j ' >J (_y£L_/LLj (_j ûûjj dlalJj4 < jl j *jd -<■ ■ ■ ‘"'jj < ^<d .Ajl» 
jûjûjj l~l I ' jtj4-J jd ja^JjûJ d <d< .1*. ^ .~.j~d 1 4-d4-94j4i 'ûjLjjJ 
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dj<L£j juj (jûljLL iJAjijyÊ j»«LS«4 ^dj^ijjSuSL (Jjjj<Ll 

» mj~> j»<LS<u (£dj4ÛJjSu3L (_jjjj<U .dj4iJjSu3L (_£jjj (jûjjJ 
d SA) t>j<U_J j_jJJ IJulS 4 m ij_i<U<i£ QjjJJjj-fcijjJ j»jjjL> (_yjliu«ji4j ^ <■“ 
^^ujjljÎLjj (jöjjJ (^dj<ûjj£_isLj (_jjjj<(J (djjjSijS jjijJU 

. jj<) j_ijjjj i j ijjjLj ^ .". .'ia.i a o.pn ( j t j ^yjti mji 

jjSj__2 ljj<i_j tGroup (VI) j(VI) Ijj4 -■<< "■ (J<l_J<l»j£<U jl ajSûu 

j4_j<li4ujS j»4_J (jjlj-j^jlj jlj<(—J (_y *>jrt\ j-j jff j . . <i *>J J • jJj-^dJjdj 
. Jj<ûuj_juljlj lj<Liljjlu j<U (_yjL jjIj<U j»'5l<U <U<LA IjjlSjJjLo ,j4jjjj<ti 
(_yijjlj<Lj (_yS0j4 II) (_y^<UaJJ NI<U JjÊj-Ê < I J__> l£ <Lj I jj 4j Li 4_JJ j (j<(J 
L? d J*JC-^ j<(_^<ii (j-Uûji^ <L -d* J ^-^JjÊjÊ (j-jIijj (j-JLjjj 


^<Ujjj-jÎLjj <CJ-Jj£dj J<»-SÛi J_jj (j-jljûi JjLjJjlu (Jj-Jjji^ 
(jiljj^j-^ • jjdJj-UiJjJ J_jj ^iljj^j-^ Jj»jjjLj Lj j|jj^j^‘(-J 

Ij SujLL (_j_LÛjJ<(J J-jj (_yjljj^j-^ I ' < Y ."Kd I *j4_JJjjL I jj lû<t_LujJ<J 

.4j4jjjjJJ 

4—<ijJ (_fjt^4_jjj^ J_J 4 -ljj .t i < Ly i4j»jd J 4-_u L J_jj (^ljLL 
<(VII) j»4_j j<lj. (j 4 .J 4 .j jS ^*<i<4 »’-v j~ (halogens) ^*<i<j *< i-«. j(i *. 
(^ûjIj^<uI dLjjjJj j<lS<U . jjj j^jjj jjjiS cGroup (VII) 

j4__u<(J j_ij (j-jI jtjj (jjjlijjj<i._l dL_jjjJj j<L_S<Ll (NaCl) C'—ijija. 

JJJ4—a < ■ ■• (_yS4ujj*i |"| I l ■-■ 'J< ■ j|4 <'»** d<U4_uûJJ jj< 4 a.jL> 

jSJ4_ I a j4__JJJJ L I '*il<4 ."j" 4 lj< V . lA. ' Jjj 

(_jS<UajjS. cIJJjLj j»4_J . 4>j4 *i 'jjJJ I J-j jjjju L (_g J I 1 n< jjJ-i l_t>4.J 
d ljûlL —.J~ (Jj4 S.J jts (_gj*4 ‘4< Cii j4<a '*j ...a ' - j I ajjjL 

• CiijdJj—UUJJ J J_jj (JJ—IjjiS ( jj <JI (jSjU jl I Mll J (j-jiûjûjJ<(_Sl 

jûlSöj—SuijtS J—jj (_,—jljtjj j4—g«_! j»jj— _U Lîjj (JJ —jjjjj 
. C J_i——_ jS q ) Jj L&4-I (_y ^4 <4 . 4 < .—« .. J ' * . —jj 1 * J j&j (jS<U jj i i7i u 
jj4~> mi4 4) (_^<U<LajS (_jiLSljjtS (_jitS4ujjS. .»j4jujj»J Ijujjjjutj 
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: j jS-Ju__J (J4_jljjj *jlj__j 4_uujL j4_I .OuJjISj _I Ij_j jLa<ti 

• 4. \ ( * I I 1 J J 

jÊ&j Jjljû (j<Lubijjdûû oujJjdJ jtuij (silicates) 4 j tS >1 i—u jjJ ^4Û 
(d-JjjSjS (J-Ojj jSdj) jjjj (jSÛOjJ diûlS . jijjÛAdJjlS4j ULU<U. 


‘*l ‘ UjJUjLU (_y -“j" _^<4 <JJ~ • “ L . Aj 4 < V .~l< .1 . ... (__Ajlj. < jlû <LuijSdJ 

(jj_>jjiS J<lS<l1 <**.!< .(..■■ . ...4 -u (jjjl jlS .o i ioj o <i>jjJ (silicic) 
O.ii)jjJ j»jj jLj (_j>K il i iixii « • ■■ (_yS<uj~ ■ ij jOlSaj-SjJ jts j»jj jLj 

(^jlS<Luijû. (jdjlj^S ajlû :jjlj^ (jSÛ_Öjj du i i i jtj. .) j_Öjj OÛjdJ 
j4 A j4 <L .< .lj(< .-« a*t J__SJj j j * .".AjA . (4 A 1*1 « ■ .. «1 « . .. (_£_—CjJ 
. < .... 1 ■>.I Ou—uJJ (JjSj4J<iS <**«(< «1 «■ “ (_y «. ..4 4ûu4j4jj4j4i 
(_y aa,J j jjJ cGrOlip (V) j(V) j>4 ■% i 11 (J<U<La jS ^*.l<4 «*■%.j~ jûj<U 


4—adjj jjJ j4_j .jj jS i. ijj j jj^jjLLj jÛjjlj<LÛ < j4_A iÊÊj-Ê jjj 
(_j_ûûjj (_jjJL_u (jjjjLj (jjiljûdJ . j4_& IjjlS<Lul jj<UL <Lûûjj<ti (Jjjj<U 

• NO 3 djijÛL 


jjû.L j>j iniLjj (^jl juj<Ll dûajjj j*i4 1. :*j4jjj_uLj diijtS jjJ4j 
(J— Ûjj4i J_j jtu4—4) jdj4_jjjSj3L (jS<L_LJjjj jl_j »j4-û>u j>jjjj—_u 
j<lS*jIj>S jlû dJ-jjjj di ma <Lu>jL **<■*■ ‘‘« .4*t i i*i (_yj_u<LÛ. ^Sj JjSjS 
— jrj^ jjjj t_j (jj i nKjj 4_jl jj — jjdj (_ySu jLS '4 <«j»j<uS 4 <414 < ■*: 
j<Uuu4i A j4 * * . ..**« < «1 j I < j«ajjJ . Ojj<U*Jj*J <(SJj<Û JjS_lS t j (jjjj4i 
OJj_uu) j>j | niLju (_yûI jiui<U d-Ljjij .(jj J4>J j>taÛ4 “« d<U4UijLû 4-i.j L 
duitu i ii IjŞ Jj4 luaû-L ■ 4<4 ,7, J-O j4 i u ûj4—Ûj (Salt P eter ) 0“*— 
jLbûlj 4 < « 1.14 <4 .J*.l j4 . ..4 « (JjLÛ ‘**«j4 -u (II) (_^j_buL (_^j I J jÊjÊ <(U 
<4 «4a(4 « 4 S 4 J t I 1 1 1 I jS (JjJ^ J<Lj '.-« . ..4 -v ___< «. Ij<j< (_^bûjJ<Ll djjjJj 
0<LjuL ^ < . IJI < jjJ **•■■■ ‘‘« . bjUJÖJÛ-bujjJ jjj tû (_yS<Lujjû.<U (^udjt-S 
(^S<Luijj. (jajljuS .dju j»LaÛ4_j dûjjSUbuji (J_öjj (^uJLbu (_yi jj L*Lu 
L£ d jUb^ .Jj4jjjSu3L (Jjjj jjJ jti 4>j4Ûu djjjiubujs (juöjj 
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(_gjjja. ■ .7. ^j *» j » a.~“ ' jdJaJ jl■ •• ■ ■ jlj jdxjJ«u 

'I' .r.Ajd II - j-d < .<ÎI"J I ClJ_j Ld jruLXI L-Jjli j •“*“ < *jjj (gji I J—Jûj 

jjJ jl '*il»~ mOj j4_i<J 4 i?i | a4Jt (g4_iljjL» j4j '■Iii* jl<J iJ ■ jlu j4j 
j|j_S 4_b j^4_JjjJ jjl mjS j_j d4_»jjjlj<G IjL-lujjjj jjj jlal—J 

4— —SJJ jlg-£ ■ jl&lJLui, ^4 jL 4_3 ^yjlj—lj j_j (graduated cylinder) 

jj4^J Cj-ujjjJ JjjdJ j jjjjLS ^4j4Söjdj jdjj4_»lj 4d d4_»jjjlj4j 

ty jljdö4_i Jii S4j (.-■ *j ■■»».' jt^4_» J~ - ^ (_jjl jLlx 4J j_uulj (_Jdjl_») 

4*■ ‘0 *jl<«< ■ jjljjj (SjySt jjJjjj Cuj4^J QinOJ Ojljd 4JU (J^4jjjj 

j.~-■j‘*»».'jl^4j Ijjjj (joj4jJj*s ii~»4J (jîij(biirette) dj■■■»I (Jjjj4j 
jjJ (diameter) djy <_g (LÛûjjm j^4jjjj -Oj4Ûj (jJLjjjJ Oja. ^Ijjjj 

4j4_lu j4_^J f»j4_S jl_S (_jlj-a. (^jA<Lj (_jijj4-dui j4 'lj!)_» (JjJ 4 i'j'i'l l—m 
jLîib jj4jjJLLu Cj j4ua. 4 jjj*J (_g4£4rjrû j<aj!~ 4 .?. v .< . 1 j d<Ajlj< /j*»< 
d 24 - 4 ; »11 m Cj j4_a. (_g4 < ‘j'* (j4_£d jjj 4£ ■* '■■(]* d ■" ■ 11 jjj 

glass ) (g4uiijgiii j-^4_»jjjjjj Jj-» jJ4 flj1~> Lu» 10—5 ^4_^4jJjjjJ 
•(j-? 4^4 ■sjl . 11 ^ 4_jjjjj (_^jj jljj 4_^4 jjjjj j-»dJ) (gjL_$» j-j (bead 

(_£j_i (jdd* j4_jj j—>dJ .0_>jS*J O 111 jjJ 1*1 j ... *1 41 jjj Ad 1 ‘4_£j ,uId 
eye ) »jdjLa. (Jj4jjj jjj (Jjjj (J4_S4 jj4^ Jj 4—Ui4j 4<d< .1 ■ ..M 4jjjjj 

jjj4_ 4 4_jljj jaj 4 < ■ ‘öi" 4<d<j ,v. Y .i n uujj (_j4 < ■ j_jjl (dropper 

j4_^4j .(j-^UjjJ 4_iljj j4 < : .M (JjLj jdjlj_S J_ijJ (jil-J ^ Vlj j-ui 
(jlLuilj4j (jjljjftJ (_jjli jSj 4Û4Û_LLlu^I 4_ujjj jLi (J4j*jj JJJ 4jL»4j4j 
.(jjjjjj 4 jdjdJ 4jjj 4'im 1 jjj (_g4j4 1iTi 4jj j4j 
(jjLi jJllJlLu gjj ■ gjj■ (jdj4j (jlu j4j OJjjaJ jlJ4JL 4 <d<j,v..I 
4_j djj4_£ Lj 4 jljL (JjA4j 4Û4Ûji7il I J L 4 J 4^4jlj “‘■■■l‘« J jj4dj jj 
j l<d M .~. ■'■ jljjj (J*JL Ljjjj OJjji 4il ■ ■■ L (jjjjyuijjj ddddj 1 11 I |4j 
(jli4_»lj (jlu ja jj jlj (jJJ>4j jj (jjl jjJJ 04iL4j 4*s ii~i4j|j (jli4j gi_u jj 


(gjl£jjj4 » J_S_Û jO—ILjS jj_uilj L_jlj tGroup (VIII) (VIII) 

■ 4j4ijj^4J jtjJjJjJJ 

4-jLlj 4_ijjjj j_») ajj4_ui jtu^idj (Jjjj4_» (II) j-uili (jûljd-jjj L 

(FeSO^. 7H 2 0 <gjb L»j4j*. (II) (^^IluL ^ûljjlij^ tiron vitriol jj4ui 
'~* 11 j< ^M<d t v ijL . jjjdj (III) (_jj__uiL j M<d t v .jL I ' < v .~i<di 

. jjj4jji J*. *'■ (j4jl j 4 j 1 '< nt<d I ..■ id /id 1 (Jjjjdj 
(njjjuiLjj (_gJjjLj-Luj~li.lL J4-S4J (_^j4_uL < ‘I J LS (III) (^jjuuiL 

OLSjjluijjj (prussian blue) Lj-lujjj '■ >-■ ^d4_»jj'i.Vi i'i4d 4 j4x 

*J4* j4 111 (_g4 < ■!jl^ .4 .d< 4_»1 Jjj '■ ■■■l‘* jjJ _j. ‘* * ■ j _IS jj Ut 

(jjj.3. ^< .44 *d~ j 4 _lu 4 J jjJjj. dLujJj .4 xlu4j4j ^4j j» . JjdjjjyuulidJ 

jjJ jl-ÖL idj4_j_uaj duiij jj* jLi ■~‘7j'*j-'id aa,' (porcetain plate) 
djL» jjJ * a’* ■ *« . O-ujjjJ IJj4_u»4j (j^jjulj (_j_lûjJ u)jJj j_uj Jjj. Lj 
(_g4^4S i7i j (residue) ojl auiiL j4__S4i4j4j QjjilaJ4 aaJ 4__ji>jlj^S 

4 jL j4, <11 4 " *j4. a.' 4_^JjLauli tj I *■ ■ '* jAj4 "*j<a.' Jj 1 ..■ (gj4 in 

i’l i l.t j dl i j jlC jjj t lj) ^ i*7»^ * ) u) 

j ■" ■ ' . O._ijjJJ I J4__^JjLjjIiL j4 iii4' - j * • u Lj * (_g JjiL ■ .‘j’* • ■ ■ 1 ( *4 I 

(_^j lJ_u>jj I_J j^»j »j4ûjjjj (_gjjj.,jru j_ui L ju jû (_gOj4 »j4_lu L j4_jjj_L 
OJj ‘‘ uiL ~l‘«l » ■■■j ■* ~ I jj uiL ‘«l<4 ■ ‘ja. (J4_S4j4j . jjjj jjLj 

. O 1<a '"■■■JjJ (^jjjj. 

^I^JUJ J j-uiL (_gi>j4 'lj ui L ju (jjij4Jjl^4-» (jjiljûdJ 4_£lljl£ j»4i 

<\d i .1 <^yjj (jjyyj I t iS. \. \ I A d I d C 

jdljj-jj. (_gjt—_u4ji»JJ (_jjljjj_uu J jIj4__^Ljjj .(_gj__> (_gOj4ijj Sj . | 7 | 
(gjjja. (_yjl i jSjj d4_i 4ilj4i jjj4jÊ (jJdJ ‘ jljljit^ j(jdiljjjdj J jljjL 

. jilju 4 û_uijIj Jjû.lu Jjljry^ jjjjL (_gjj *»‘(| <Y ‘j j1J4j (qualitative) 
(>j 111 1 ILS Jjû.L jyuiL jlj2jj4j (>j I n »jS4j jlj jjjj LS (_gjj t| J_Ujjilj4j 
(jjtu J^ju (gjjj?» 1 JjJj4-i Ijûti4j jrûjju jlu OljJuAjjjl^ jIJjL4J 
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4 * * d_l Jjd ',j£ u ■" j * LaO <L^Jdj4^ 

(^lj “<-% 4_S4ijjj (jiiSjL* j_J 4 _SöjIjS.j 3 <uiijj (^öjLj^S 

=0.0 1 8 x7 4__id j4j (^ LjLa (jiift j4_j . ajLi I lll u C>j4 ->■ jj|j 


• 4__S4jjjj (ji_iSjL_4l j—j »jljSjL_S H 2 SO 4 4-I j»l 


0.126 


.4j»J j 7 - ”4 ■ 4£<QJj^jI jl£ j;4 ,7..<jLA 

2NaOH+ H 2 S0 4 ~ Na 2 SQ 4 + 2H 2 0 


98.40 IjJ jjj4j H 2 S0 4 j NaOH jl£<LuJj4d ^ 1 n iS 

. jjjjjlj 4iljjj (>4 j (jjiljidJ 

.OÛj£*Jjl£ H 2 S0 4 jjlj-^ 98 tNaOH jjlj^ 40x2 ^yj jj i iin'î jLa jj 
4 1j^ 0.1 =98 + 0.126x80 = (JJ< 4^ OJJ<ldi>JjdJ »J4_J4J 
4_J ^lj__^ 0.1 d <.>jtj< i .". ijjL_a (^djljrd<L_l j * liiljj 100 <LJIj 
xlO 4<ajIj< . ■+ ijjL_j (jajlj^4_J JL_>JÛJ Ij < v »~l<4 1 4 _i|j,jj (jNaOH 
j4_J j»lj_slö 4_J .*** 4 *4 I J . j I <4 A 4 lljJJ (_jNaOH 4_J (fcl^dl =0.1 

^7.10 4_£ 4_JJJ>jj 4_jlJ . Ijru^ijdJ t>j4*» 'j< » J_J <lS JJ-J IJ4 lt>jljj La 

j+‘< jL& ji<4 < v . 1 jiS j_j cJdj4_j j~* '~*i<~*4 ... /^jjlj_ji>j .4_iljjj NaOH 
.ojjiûfJjlS^U <judj4_jjj£ÛJ - jLuuijj (^il^j-SÛJjlS j_> J^J<L-> jjJ-J 
Ij-j JJJ (^Jjj^j-^ (j-iiji (Jdjlj^<U j—ilj (^y^JjLojj 4_a.jL d_jil£ 
• Ojjdjjj-ujjJ (jj<Lu> <0.1 j) jjj>lj dj4ÛjjjjjidJ 

~JJ ' J* <L)4£jj j»4j 4<4 'uiiLj ^yjl JjdjS (Jöjl jS (^jj<L> ^jljidJ 
(»Jf4j>ljjj ty ili4_^i<L«j<L> ^JJj jjj ^4jdjljr^ ">j4^jÖjJ (jjA4_> 

(J4 *s4 ^IOj 4_SöjlJ^S J^djLi 4 <d *■ . ,.l j ^|jj^j_g (JöjljTU^ jLj 4j4 < ' 

: <Ui>jJJkj4j 4^4^ llIjlS (^yjl JJJj (J4 I lll‘>jlA ■ jli ^<4 »<4 /»4 . 4~ . .»■' 

10FeSO 4 + 2KMn0 4 + 8H 2 S0 4 ~ 5Fe 2 (S0 4 ) 3 + 2MnS0 4 + K 2 S0 4 + 


8 H 2 0 

.4jIj 1 '.~... (j4i<Lljjuû ji*j »jIj (j4iLjjL«j j4j 
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d \ 1 !?■ i*t *i t ■ njl I >J I.I i 1 ^j d 1 J 1 .7. ^djb<U 1 *i j J« i Ç i . i“t j tl^ i 

4 < ■ (jli4_jl J (jI«Lj gj jj j_> jI< 4 *.I ■■..*. j|j—jj (jdjL_j I aû *‘< 0 -jj£~> 

■ (jiljj»J Li ■ jjj Oj4_£u (jli<t_ilj (jiujtSjaJ (j— îi4j jj ^jljidJ C>4jlj4i 

■ »l v .~aj< | Jjjjj ,(JJ 1 11 juJLlJLLu jjj (JjjjL> 4ijC.jJ j4j 4 Ii» (Jdjb4S 
j4 m ajLa. (Jj—> (JOj<LiJj 5j ni (jit^4 —Sjj (Jj*4—> (Jjjj4—>4i 4 __j 4A 
jlj Oj4 j~iiM jjÖ (Jjî (_^jjj4^4j Oii (JjJ (jj4idJ jjjljjlj -Ojj^öJ 
j4_j jlj 4_jj j£jj (jiij-i .(jj i 1 > (Detergent) IjjlmSL jjiL i»i v .~. .4 .41 
(jjlJ4J4J (_j>4_>ljji (J4 ~iii j<Lj l_i A j4 J. Ij< ■ (^_jj (jj4_ii>J (j4_)i>JjL 

(Jjj4i j4_4 j jj 1 < >4 .. ■ Cj_>JJJ>j ^ » * 4 < . .<4 . (j4_J O Ut>J (JjLi »<jL 

j4_j (Jj_> jûljJdJ ‘(_jilj4_£4ijjj <juj£jU j_J jL>djlj£jl£ <LCiji j4_j 
j)4 +■ ■<jLA (j4_j ‘«l‘» »*jI£4_>4j (jdjj j4_j dj4_jjjjjjj 4~i i ii4j4j j;4 ~a~ 

4j ■' j < ' I j 

H + + OH ~ H 2 0 

i>J L-J lj j_l jlj_jlj (_g4 <4 . .~i .4 . 4_£ (jjjj-i j^J-jJjlJ^ j—ii>J (k4_i<L> 
(j-jjÛS) O I.I4-L (^jJj^j-^ (j-uiji jLJLJULj 10 (jJL jjj 4_> (jj_S_> 

j<L 4£<dji7ijI . JjLu> (jjL dL>jûd jL 4 j4£j ((Jj/ji^ 1.8 (j4i<u (jjju. 
■>J 4 “ ■ d < ■ ^ .~. (jj4_idJ J<U> J J Lö j4_l d4_l»jljd j4 < . J__j 4-u.jJ 
"4~ jt_a.J<L> < jj» 4_ii>J J lu jrL-jjl J (_£l J j4__^4u 4 < . dJ La L 

^gjySöJ j4>j ^j4~».'j< » ■+■ j_> <uijjjl_a4j (k4_£ *< »J ■ Ij4_J ■ 4 1 1 J-iI 

JJ ■ 4_jjjuûjj .>j4 t.j~» .jjj |jjLu jjj (_^Ujj 4_I <L>JjL JjuL l_> 
IjjLû dLijuJ<L_J ^j4 » »4< . ^ ■*.*■ jj4u>J4^ d4u>jljjL 4—1 ^lj_£ 
. d4 i *j4_S.J.Û. I Jj4j »>j4 < » <1 . t >j I J%S j4j ji 1 1 1 11 l J J<Lu> jdj4ii jjj 

phenol ) jrdLiiJjjui jjo< 14 ^<4 mjij-< i_>j_Jj jjJ Jjû. L_> 

4—jujöj 4 _^i>jlj^ ^iflj A j4 <4-Li 'j<u jl—j *j4__Su (phthalein 
dLuJjSj^ ^J-Lûji kuj-Jj Ujjjj 4S4Sjojj4j jLuilu Jji (jSujJJ—<1 
j4_A . •> ' ■ ^ < »~* 4 i~.jjju. ^< »Ij~4 . ^|j>Jj4u J4>ûi>jlj»d jL >j4< 1 

47 


.com 








dj-lj—JtLA duA)jj4 * _S ' j*^* 1 U Jj4j jI_i ^M<d *‘Mj * i 

(_,iljÛ0J 4jOjj_Ö j»4_J £u 4_S«LCjJ«U (J-Sjdj J-Sdj (_g< S4 <~iOj4£ 

J Lj 4 1 J ■ ■ ■ ' * l*««l 'VdC AjJ ” iA 4 > Ajl * ■ ■ J 4 (ld_U J ^lOj ^jj ' ' “ Ljilj 

< '■ \I J v . . .O— JjS-> 4—I24Û '< * ^J_jjj /j_j*J . 4—14A Ij4_cjj4j 

(_Jjtj4j (jjjutj jlj«(-3 (j-SjJJ tlJdjlj j<U . j-oulj ( j3_l 4 

jL4u 4Û (_g<—idX.jJdj (^OjLj jJ j j <aj 4 ’.jja*. j . . .J a | J4 <jf jlj . 

jjJ-Sjjdj jjjilj ^lj-u jj dtj (_Jjtj j4^4j .OjJ IjJjtlioj (^^jjjjj 
Ijj4-j IJJjLi (»4J Q uOJ JLS jjj *. • utj *!l‘.l. •■■j .1 . ^_2.ii>j Ij4_j 
(^Sjjj4j jjj Ij4^4ijjjÛ4j jjjjtj (jjj4^ O-idJJ dj4j (^uij4-ui <_jjljJOJ 
jjjjtj (_^4jjji.4j ^yJ^iljjj (jdjljr^ (^yiljjdJ j»djjJ .djU4^ jljijjtjJ 
Oj4-£j öjLalj (II) . jjjjlj (jjjjjlS jlj (II) jjjjlj (jîljjSj^ jSdj (II) 
(j-Jjjjj (jJjljr-S 4-1 jlj i mj*a I j j mJj 4J (jS-ijLajj (jdj4-ijiljj4j jijj4di 
(jjjjti jj (_gj l l i Ii<jjj ^iL jjL>4j (jjilj-JdJ (II) jjjllj * J < .jji£jjJjU 
. jj^jjJ-uU (_g jj » < i Sj jAJ j-Sdj djj4 ij w i tj j (jjA4_i (jijj4_j (III) 
jddj j L£d_i. IJj4j jjJJ Oj4^JJ Jjjjl j4j jl£4^ia>j d.jj l£ c I Jjj lij^4i 
jja4—A4i jl—Sojljr^ (_yit^4 'lj a . (_gjj j~i . <>4i j—IdJ 4£ij_a. j_l d4_l 

. jj d4j j£dj jl^4^ljj4j 

LojLT LSjii* 1 

jjjLuûL Q 11 jrujjjJ * A (jjU (*4d (_jd.jjj4u 0*11«i ijjj j4^4j 

<j-o«I-S (J-Sjjj I jSj « » jJ (J4_^4i (zinc) 4 SÛJj ^^jjjts ^jjj4 S~i, ..0J JJ 
jl-j »j4_£j djjji£jjJ_lU (j-jijJ Jj^.L-1 jjjj (jSjJj^j—^ ^J-Öiji 
j4dui4i ^^4< j .j 4<4 ~LIJj4j jti JJjjj ■ , l.< j *j <0.jL J~l41. j.1 1 LIJj4j 
4^4JLj2i (_£jjj j4—u«4i j t i j ‘ 1 J jjJ— 1 U (_£jl—^ (j—S lLi jOj4_jjjJOJ j-U. 
jli Oj4_aj Ojj-S (_jd4j»jlj jj d *<i *j 4u.jlj J~i4 1 . I"■ jjj . jj4jdJj»J 
jL_i Oj4 a-l jt^4 Tlj j 4—a.jlj jt— uliIj «(jju_a ^hjÊj—Ê (J6jlj\-Ê 
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(ji tSJj4 ~ij i }5jj (_Jj_l (jilj-JJ j-> 4J4A (jiljJJ c?4_^Jj Jjj ( jl w i < 4j 
I j4_tjj4j (jjli4_J (III) j—uili (_£j_i jjOJ_lj4JL l-i ' j*<^ ‘«l‘«.< JJjLa 
(J4_^4j j-ujilj __yjjj£ iJjL£ j_l *j4_ijj j4ddJ 4.jl_ljjj I Jdj—li . jjj_jjj 
I J0j_li Oji4^j4Jb .(III) j-uiti jj A j* * liui4A Jjj4S I Jj li1 111 . jj llî _^j jj L 
lj< Ölj (jSujljj-S 4djJ a. 1aI~! ... jjjl^j4 ui4j juuilj (jj-j (_^jlj 1 1 

C jjOjj * «*‘< d « SCN jFe 3 (_yjl£4__uj4j d «~i< Oljl_ijjj Ij_^iaj4j 

NH 4 SCN j4-^4j cOlJdJjjj <U4u .4j4j|j4_ajj 4 S 4 S 1 Ijl£ 4dj 

j4—j (j—Sjdj I—jj-ij j0j4 ‘ijl j^OJ (J_ll (£4_j0jlj\^ j4_i jt_i 4 1_i 4 S_l 
(_jd4_iJjljrd J4_^4i jj4_£j ^JjjjIj4_i O-lj4_£oJ jtfl i . n»J 4_.JjIjd 

c*-Sjj4 -' O jt ljilj Ij-jj Lf(IH) j-*"^ Lr*44_£4^Fe(SCN) 3 ^^-iljjj 

L£jIj%jLjJ ^4_i0jL 4S4J j4 w . jS l (III) j-uili (jJ_ijjiS4i jljUjluJ 
Oj4_i (_y^4— 10 jl j\Ê a. 4_iojljr^ j»4_l . 0j4_jj jjjj Ij jljjjj j—IJ (_jjL j 

j4_ft 4 >j4_£j jljjjjjdj (jjLj (_gjLi_l 1 11 10 J4_ui . 4 -S.j OJt-alj (_jjljluu. 
(JOjlJud j(pipette) Oj_a (jjliUjl£4_l4j j dLU IJj4 j ji4_J^4j ‘’l v .<^ « 

djd4_l j4_A jl *« A_jd < . d<d . .l~Aji< ...Ajlj<A.'l aI’i i'. ...\\ g.\ «jjl< 

<£0j4u jj -4jjJj . 3j2jl (^j4j4j ljJjjj4J jlS4Ujj4j4i 

(^jlj) 4 j jJj d4j (_£0 jL 4S jJOJ (jjJJJ jt£4^ljj4j jL <_£Ojlj^ ^jJJ^J 
jtj 4 j4-£j jljjjjjjj (_jjL 4jjiJ (J4 jji Jjd.L) iQauuj «4jdui4j4-a j»4j jj 
4jlud4j d4j4jjij (_^0jL4J .OJj 4ddjL4J (_jUij<Lui jlj£4JL ^_< «<^ Ijjl 
Lj—uuj 4 < d < d *jji j Li (_£4 >jL 4-S (<_£ J4_ui Jji.Li) jJjul j4m4i d4j 4 j 
jjlj-ilj jLkil£4_ujj4j 4-j 4_i4j& O Fc (_yijjLj (_J0jlI jaÛ d4j»jrujj jj 
(_ yji4-S 4_jl Jjj (j4u4Xji4j (jjlj j4_il jui-lii-La J4...4S dja.lj j4j J)4^4i 

(_^0jljd4_J jljSjjl_lJ (_j Sjjj dUlj j4_i j4 4i 1 •»■*. .*. Ajd ■ Ij<A.i 

Sjjj j jJd jj j_j La (^-jiijj4i d4 _j4j ji J jj»jjjjjt_j ^iL—uijjLu 

LLuuj . ((_j-iljj jhjjjjjL (_yjli Luu j.J L (_£Ojljrd (_yjj4j Ol£L Qm 1 JJJ) 
Ojljr^ J|4_^4i 4Û4Xjj4j (_Jjlj <j^lJj4u (5-Sjdj jljii^J 4 U djJjjlj4j 
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Jt> jL^J<Lui ^jÊbji-U U ll **■'*» d lAj . ." ^4_t lA W •■■Jj ' l_)*j 12 

4,jj4-£dJ (juL> ^JjJ^^Lj 4-jL$S_ij j»4_î .OjOJjSIjjj jUlidjlS (j->l jflj*s 

j-t L-ldjU (_jjjj<(_j ^ <1 ■ /. ■< ^cUdjLa.j<Luu <J*J d<L_l jjLi jl <~l <-«■<< I 

,-. <j‘<i*a.i jl<<! < j~ ^*<1 <ajJ*<. j< <al~ 

<-J O-JJ jJ<l nj1~» Lu> 30 jL^j£<L_> j<(_* (_£j-»jJ<t£ jyj-a (_jj<L_»lj jjJ 
LS -1 " 6^ JJ J j L?>* ‘I ^Joj lS »j<1^<UjjIj (_jjl^dj<ljji 

4 -? ty £ < 4>djlj4J jL?- 

j-ii (_jjLj (_^4 » tm j£d jLj j<Ljjj dlj.IJj4 < jLlilj .<lLjj<Ljj *j<l£<L»jjU 

d-la. j<l_j<l> a < < -j 5j i» jj ^jL_2*jL (electrode) (_gj< uu<La. j<l_£j 

^~1 .-«■<» I j<l^4j . jj ljJ<L& <LS<L> jjL^ jLaj^ l» . jjj<L^<lj j\£<L»j<L» jUdjlj 
j Oj j4<a»~ ...a.» jl a ataj4 J j lj<L_& I j<Lj Lt'' 0 'j U<Lj j!j^4 »"» 'L L-J 


. jj LjJ<US» <LS<L> jl^ 

<l£j j»jJj i» < <~ ^jLj*j L> j<lJj <lJ<lHjj<lj<lJ jLj *jL» jjJ < ■•• v *‘< 

4_S<L> ji^ *< UOJ '<I < < <" ^Sj Jj^j_2 ■-j"“* I ■•! JJ jj J '*“» -«- I -«■*< <‘< 

■&j 4 'J' JJ jj4—> 4^ 4 i < < iLj djLjjjJ (^JJj jj-u<Ll jLS (j-S-lj j(jJdjJ<LA 
Q i~i »-L ^jjja. lj £<LjJjIjlS<l 1 jUojd iiiikI% IJjjjUIJ (_gOj4i Jj*j i3L»<l 1 
(_yj-JLliJjjji Jjc< 14 j (j*jI jj- 2 «_)jJj j—_j jt_» jjj<lS jj<i_£dJ |»jJj 
|‘-. v .j 4 <a 't."A.» jtj^jûj J L^jdj < Y «‘«<i aj J jjjajJ<L& <LS<L> ji^ . jjl Jjj 
(J<LjöjIj j<Lj < jjj iTijjJJI J jLS ^ a I < 4 < j -«-<'< < . ..a. » <» <*j I < jj Jj<L_A 
fljjdJ jjj ■" ^*« jj d ■*■<’« Jjlj» «»»<1» (jj_u»li) aJ<L^4 * *II ■" Jj<t_<-u<L> 

■ dj<LjjjdJ j3L> Ij<lSj jljlj<L» ajjjajjj <lS jj jjj 

(_£4S4_l1Luu *J<L_J<U jU<L»j/C£<U<L> Uj4jJjjdJ <JÛJ <L)IJjLJ j4j jja. 

<L^djj_u»U öjLj j jjj»J (cathode) <L£ajj_uuL£ öjLj j»j<Lj a j<l£<l»jjLj 

jjj^4_|<|j 4_j<L»jjlj (J4_2<U4 LS.,jj Jj 4 III .(jj_2JJJ*J CJ lll-ui (J4_SjL> 

JjLj jjJ «djjU .jjjÊojjij «_)<Li.jj <l^jL j(jj^djjdj (anode) jjjlj<Ll 
jLSo—ij j»S<l 1 <L> dj<L_jjjSd j 1 <-«<'■ 1 jjjLU. jj Lj < v <j< ->-<*■ ■»<<»*■ ...i‘< 
^Udjl^ (jjjjL^ (_jLjljj jlj <i£ij-a. jjjLj JjiLj jJ j4j djdjjuil£<iJ 
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www. 


J)4_^<l1 j_ 3 4il£^La. j <<»<*■ ■ j jUajl-La4 \ i <iaJ »(jjij_j (^Sa—.ajljL^ 
djjj4-S Vdj4_jjj^j jjjj 4_a4i (jjiljjdJ jja. .OlSaJ *djJjl£ 4 £<LuijJ 
H ‘«la. jjJ <1 A (^i 1S4 »4-Lj-a 4 _^jL 4_jjjlj iOj4 *i t jjOJ IJ<lS<L-uijj4J 

j-) jJjj-SdJ J jj-SaJjdj 4_S<LSjjj ( _ y ilS4_L> Jj<lS<l 1 jjji£<Lj4j 4 S<Ljj»jj 
j<bSdJ jj jjjiS<Lj4j jjJ d ** «j (_yi LS-U.J Jj<lS 4^ . jrua.jjJ_>U J JJ<'_S 
^4_> . 4 S 4 ijj-a (_j»|jj^j_^ (^JjIju^ jLj 4'. -«.a.' jzn“ j_> jjjj_^dJ 
jrçjljdJ j£öjj 4_4 .4^4 ma ^JjlL (J*j ljr.S jlj 4jjjuj. jl a< *■ <j tljöjjJ 
A j4 <4< -. <j4 I j jji^4_l4j Jj<Ljj4j 4J tfljLa4-£ >*l *» >j (_jj6<U (jji_a 
jl_j 4i-> J dLjjj (_jj lj<L>4Luja 4jj-> L> . (jjjLa ^j 1S<L> jj L> jj dj<LÎjjjljSdJ 

4 <4< *« <j JJJj j4 ■ "4 I 4 <4 ...a jlj'.l < I » < <~ l<4 I j4 j Jjj-.S 

(_£ uxa (J4 LjJj<L^ 4£ j->JJ*i mjjJ lJ ■ < *< ■ j lj__aUÛ4j4j . ,-■*< <*.a.» 

j jjj I—>j 4 <4 ,.. a4 I (^j m<L>j<Luu (ji jjiS4_|4 j ■*! *■ ‘j (ia4__> .4_>1 Juj 

(_£ jjjdj L>4_> 4_S4Sj_>j Jj4 jj4j<Ll . dj4_jj*J (_j> IS4_1 j Jj4^4j Luu lj<L> 

j l<4 *< j j*<4 14 *> j 1 .*.*, L> .ûj-jjÛ.<L>»J 4<4 ...a4 * jjjiSd |4 j (_^j j 

4_jjj L> j4_J Jdj4_ljjjljSdJ jrui. jjj—> U (_jj lS4-jj-> L> j_> Jj<lS 4 . II a<U 
(_j> IS 4 JLJ Jj<L^ (_yj 1S4 i7i ») . jrLi.jjJ_> U (j Jj4^<L> jjdJ (jii<L> li-t^ jjjj U 
(_gajj m<L> I <*<4 ~ 4 <4< *< <j (_j> lS4jbJj4^ : jjlJI ■ -«< ■ 1 (Jji—a jdLjjj 
(_j>j->t_j (jn a (_jjlS4_lj Jj<L^ I » < v «~l<4 I 4_Sdjl j\Ê jLj 4 -«■ a. » jj_> Lj 
jjJ j4__4 tlj—jjjU. L^j 4-1 ■ H 2 j —j dj4__i<UdjjJ H 1 jçLajjj_jU 
dLjjj (^jjj ,~< <j » ,v» (j '—. <<• < jj4 5 *» »j (_yj IS 4 L> Jj*lS j4_> V 4 J 4 <4 ., 1 <*» 
(jiilj_U 4 <4 < *< <j (_£dj4_il jj 4S (jjdûjjjjlj jua. jj J_> U ^j ISdJ j<L^4j 

■j4^JJ 

4—j I ji<Lajjjdjlj jtS<L_ijjtSaJai 4_S JJ—> lj< .~l‘< jl—ajj (4jj->■ »4 . 
Jj<j J<U « 'Ij5 4 t J<U& j4_S<Lj ^SÎ<Lj • jjjdJ jj> ( J^ j^ 4 _» jj dj4^4jljiU4j 
»Jjj4_)lj<L> IJdJ4>jdJ4_l j0 _>jSj (>jjj jljjlS<L->j jÊ. J»J Ij-S<lJ 4_>Ijj IS 
14 j jjjJJ IJJj4jIj j4j jjj»iJ4j Ij4j • jJ/Luu4jj Jj4^4j4j 
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t>) jlj^uiiji ^jlû (a) (_gaj<Lij ji j . 7 , LdjlS^j ( 3 ) ^^ûjj 

(_5JjJU<i —j H 2 S0 4 (_5<>jlj %—t (_jaj<Lijjjj—£> Ijdjl^j —j Ijjj —uiljxJ 

jj^j-g (^ilS^ûjlijdj j^dj ^jljLj^ (_J<Ljjjlj <Lljjjjj jj jOlJdJjjj 
. jjdJ ljilS<La<LAj<Li jjj<U jr^jjJjU (jj 11 nSjjru 
Jl_jj jLj (electro contucdivity) (j-iLiajLS ^ij-ib^iS (jjilj-jjj 

j<Lj OjJjjS<U<tj) ddL»Jjj\S4.j4j (jdjljr<d ( _yjjj t ^ l~i<Lj (jju j4j CujS-i 
jJ <IjjjLu<LjjljJ<LJ Lj<Lj (jjjlj jj jjjjidjdjJ<Lk |Jjll<L) j<GljjL 

^jL^ j_J (jjjj-jîidjdjJ<LSl (^jLjdjtS (jjjj<Lj (jjJl<(._j jl_J <L_ljjaj 

>-u U^J ^uLi»Lb 

O , <7i jl S^ J d - > JJ > > ■ ttt U GLuu u 4.«£t>JL j4J 

J ^ (J Li<>j<>jJ 4 uÊ I J_»^£<>jIj^ 4 .J ^JJJj UU ^ J.—Jjji£ jJ j- X.t j^j 

. JjjLL jûj4-j jIjCI jljjdJ Jjduul^ j>j4j Ncl . C ' 1 j Ns ^jI£4jjj!j 
j (jj^jjdj Jju>tS <Ll jjjCS<Ll<Lj j»jjjju. ^ilS<Lljjtj<I.S (jj<lSdJjdJ Ij 
i»jj J j-“ J <tijj_a. CiljLjjjj dj<Lj j»5i<Lj .j»jjjj_uu (jljjLS j_j jjjjXi 
^J^£-J Cj-«-u4->j4-uu ^IjjI£ >j) tÛ u4j |J^Ij 4.J ^^4.JC^j 

Na J_j t> j4_Ijjj_>L> djdJj-uul^4J jI£4«j^/^4J4j t> j4»Jj 4_>4.J . Çj./v > G 
IJ-J j Lj jlljr^4.J 4. <7i > o4.A4.^ H 1^4. jj_> Lj j_j t>j4.j_>jj_>j^>>J ^£.J4 .j 

^4_jjj^ ûJj4j>Jj>J Jj_uj 1^4J jru^jjJ-iU I J_aLj4j4J . j4_A 

•(-3 
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j LJ dj_ui>> j4j (J4—^4.1 ^ • “jru^ljl J 4.,^4 >>^JL£ 4__Jd^4jj4j4J ^j4 —■ A .4__o4^ 

j»'5l<t__i jOHjH (_yjt£<L_l,jjtj<i£ <i__>lj_ij (_j.il i>jl£ (_^<( t jLt (_^j* 

(j jlj (_g>J<jjj 1 1,7, l>4>jlS<U »j4jj<u<(j .<La<djjj ljjlj<L) jl ,'|K. * *~ «< » 
dj|jj_S j»4_j ^yJ^Ljjjuû (^LjUJJ .OlJdJjjj (^j-iiljÛALj jjj jJjLL 

(jl_jljj jl“«. < 'j < -jlj aj<< < jl_ajj. .djljjj|__iiui IJ(‘(3) <(_Juj<Ll 

j L<(_£> Ljjji jI£<l_» j L>j£<t_O (j>jl_S . <i_-s<ij (_jjl_ >j j l£ (_jjj_1 L<l^ 

4_j Jjlj-d<(J j£<( ,7. (_yjt£aJj4 ^ <»< 1ij a. ‘~'j<(‘t~ ...a ' j 1 a .U‘,i \ 

. jjjll jj jlii,djtiJ<LÊ 

O j4_SjdJ < ^J*. »lj< »al~ JL)JjSj^ (^uitjJ (_y£<L_>Jjljr^ djl_J d_„li L 

4 't£d Jjd jS (_y ■"j » (_yj ISaJj4 ^ 4 5 i 4 ÖL ___ ^ »jJ *«( . <i << <i 4 

dj4_jjj^jjjjj (jûid j4_j j->aJ iSOf j H (_yj l£<LjJJ11 jU Ci t ,7, Jj»jJ<LA 

jlS^j* 1 u>a<U <j^ j 4 1 1Jjjd (j__> Ijjj jjj j4__A jjjt jji4jJ<LA 4__£ 

<C>Ijj_> I J<(_£Jjljd<U L>jl£ (_jjjj4_j J jd. l.j jjj_L> jjöi 4_Sdjlljr»S<(J 
(j-iiijj ^djljr^4d jjj (^4 jjH 4j<U 4S jru^jjJjU ^lS<(_><Li.ju 4ijjll 
. jjjdJ uJfJt-u <lSjL (jJjjlS Jdj<U < jlj djJjSjS 

j jj—Sajjjj jijjtS4 14j H jr^jjj__>U (_^jLS< lCi jjL ■ Ij jj «uLS<U 


jrv^jjj > U (_£4_JjJ j<lS jjj • jr^jjj >U (_yilS4 LjJ<LS j__> jjjj_SaJ 

(j_Jb _C<U<lS j<( <A 1~ . .jj ' jru^ jjj_>U (_yS.jJj4_S j jjSdJ_S<L> 

j ! ■ aa ' V .->, d i ^SajjyuulS jlS<ûjjlS<Ll4j dLulS .djdjdJ <LuJ <tSöjljr*S<(J 

(_jL 1L (jIidj4_J .<tSdjj_uuIS 4_i Cilju udLu (_j4_SjL 4_S<UjjL (j_ldJ 

4__S<L> jlS jClJjdj IJ4__S<LljL<U (_yjl, Idjts (_^S<I >jjj<G 4 S 4_)Jj4j 

. j.mj\Sjjl J 





















OIj*j jjj Ijj«<« ■«- ^< ‘M~ ...j . ju* jJ_S ^j_Li <U<t£ d ‘< ‘tjl£ j_j 
j_ij_ijjj<L_> <bt ij&t i AG IJ « • ,,d «jd ■ “ <^>jj4_J Jjj * ^ t>jlj__i«>Jlj 

AG i**t i■ ,rl 'jii ■ ■ ■ <^>jj ^iIjj_S . Olj&j ^_o LU-uj j < * <j I< j j_j -t_i j'l \ j 

■(jjj^aj<>>4 °J a jl j^* j 14 -? 

AG Ijt>j_Ll AG =£AG (jl£>jjL$><u&j<ij) “XAG" (j* ^ A jj «j< ■ iji<« 

‘ JjJj^-Ujl—^ JjJ»l| jo <l A j<U<Ll 4__£4 jj<L0 J—i < G . ti<Uj4_iu i$°jj (jjljJ—^ 

25 <U <UIj . j_jt>j Q iiijjJ jl<o ta, jj<lI I j_jQ<t_i_i4il jjj t>jb<U d ‘~l< 

j j_i <>_*i (^>jj ^ a4 jQ * “ V ^LaJA .(jîi4_£ d 4_i ^jt ktu<( t j(^J4-uu ^j<U_t 
■j-iJjjOj jl^dj>»LfO<Uj<U j jjJjilljt^ dJjlj (jil^jJ 

IjjA uu4j j-i l ■ -i ^< «a *<j * j4_U (_y a 4 11 j «« (^j__uu4jj<Luu >j j 

<LlJtuuu jl-J AG <Lj(£ jiljlA j<t_l<td (jj<(dt>Jjt>J t>jt>j<Lt_u j >j<>_J t>jIjûIJ 

djjl s (_£i>jj J j' i t>J Ij-l<(d<(J jl—_jdjj (_yjjj< (. _i Jt>J j '■ J 1 1 J _9Jj 

J<L_J . jL_£t>JJ Jj£_lJjl£ >J J I_ O u£>jjd _1 Aj Ad < j Q>jJJ ( Q /*<! Ajd ■ 

(_j>j<t_jjju jj—La. j_d>j c j>j>j jjj (spontaneous) >jji.<tU <Ljl£_Jjl£ 
‘«Kd < *. Ij t£ (jAG ,_yil£Ud_l jjjtLut Li fj mVi I '<tfL I .?. <(_i djjJ jd_l 
11 . ..<j‘td< j «<i <« j- -< ■■.< jû jjljUujL_iJ (_jljjl_S dLu_j<u j*j jj 

^jjjli j(«<<U) CuuudJjdjji <^>jj ^jt £ <bljja . j<d>J *~** ■ ■ jjJ jl^ljjl^ 
jl£djl j-(A jlJdJ jJ>J IJdjlJJujdjj jdj (^jjjjjjjijjJ j<(d<Ll<d (Jj-o jj 

<(124-) Sn0 2 c(76—) ZnO <(51-) NiO <(31-) CuO jjjlj_ilJ 

.(378-) ai 2 o 3 <(253-)Cr 2 o 3 <(177-) Fe 2 o 3 <(136-) M g o 

(_£»jjj (^jt^Uljj^ jjuKLuS VciuJj£>J l? j< 4 lJ<UljUj j<(j Jjduuu J*. 
(jd—iLil jjts (_j J | ■ ■ ■< j « j<t_j <d <Li>jdj ,jLLo (jji>jdj < jOLuu ■**« • “ d «j d • ■■ 

p j « *« Qj * d J4 < d *lj< ■*■*■' « jjjjj jLlJUIjjUd * jj__JJp< «-«- >j>J<J__t_U 

4 ««*«*j (jn o ^ j4—i Ci*<>«'« • ■ ‘jjJ ^*«Ka .. ■ ..<j~« (^4_jjjj d‘«*<1 -< 
>j>j4_ui (Thermodynamic) Jt «< utjjl j jo j4j <<jljjj j4j <>jja_o4j 
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Jj_uu l£ djjj<Lj<ld jOH (_yj 1£<LJ jj li jt-J (Jj_j (J<i_ 2>jd ~« «|]< ‘ ‘ 4 _Ci4j 
<lSJ>j (_£jLuuijj j<li <d (OH) j4jt il umdjjjj La <(jjj li j<ti . >j<Qj>j j£ 
j_ 11 1 Ö tj *| .0 1 »I '~l< j)dd>j lj (J J ju_u l£ (Jj j>J (J>jlj|\S (J<td>jJJ >J j j_u 

jKdto" jj AJIJ< ■' dJLotlo (_^JJ<ul j jrJQjJjj «Ö . >j<d>jljpj 4jj<td>J 
j>j>j jLijt£<UjjiSdJdi <JjiLi <t_j<L^>j j_j jjJd (jil£<t_ijoli d itU 
OH"j Na (_yiU<t_ûjjLi .jj_Jd (jjLÊ (jjj<t_^ jj jijjJ>j j<Ld>jjjli<t_i 
.>j<t__U_LO>J IJ4__S>jljrd<Ll jxjjjj (_jJ « udjjJjU (_jjQ ‘« «(]< ««<K 

(jjjjjld (j>jlj^ >jti (j>j<tij jij.u L>jl£<tj (_yjjo<U >jloJ OjjauKU 

>jjt_0 j i U (_yj t * * (] >4 A J d « j_J (_jj* l_U<LuUJ ^ <d t d < tJ j <>j (3t jJ JJ I 11 
•jji£ Jjojjjjuu (jJxutdjjJjU j (jrça.jjJjU : <jjij*>J jl£<tJ 

— Jj_£ jl_O.JJ L>j l£ (j l_‘ A «< ’«*<<«> — ~« « (_y •.■!« ji Jj<d « I j<t—_i 

(_g jtf|4 1 Ajd t'«tj<A' d_û l£--.,|jli j<t_J<d —d 'ilij.O (jt_■ n ■< ^< V «Ötd < 

Lj>jI£ (jjjj4-Ö<td (jÎKLilijljl^ j<t_i (jlj_JJ j>J>J JJJ Lj>jlS (jjjj<t-j 
(_jjLj>Jti (_J* ■ r> .< d_S >j4_jI£j jçjI j j4_jjji. 4_i<tj|j<U . j<t_£>J ÇiiujjJ 
jjj *d « «‘>l J 4_0<ti ^^<t_l t>j4 jjJj£>J jt£d I iolji4itj (j>JjLo<U Ljj<t_ö 

. jrÇjl_J>jU (_j* ■«>■< (jlljjj_|_UJ tf <d .1. .-«- (jtl lol J—j<ti (j>jjl_0 

(j4_JJjti jjj <_yiJj£ CuuujjJ L>j1^4j tljjjjjjlj ^JLji jj<La_ (j>jLo<tJ 

■ jjjb ^u ' jj L?_>d ^j-olJi<*i 

030 ^ 4 J’UtuuT (,5<L5jljj<U t_5j)oj 

V 

(evolution) jjj<t_oj>J j>j>j jjj<Ld <^jjj4-i jKd ■ o ■ n ■< o_i|jj^ 
<lj_jjj4jj>J >jj <(J .Ci_u>j IjJ<l^<U jLi>jj (absorption) ^j-Ljj-* JjULj 

>Jjlo4_J (j>jd_I >jÛo<t__£ Ajd t~. ,A,'j< I j_j li <L 0 <LLJ<L 1 <U (_Jd_>>jj j<t—i 

■ 4j>j>j4 1111 (j>jd-i (_£<tilj<Lua_ij * ' ~««j n >jj<tU <4 __i4j 6 I jjl£<Ujlj>j<L_tu 
d t . ,.d ,d n (* 4 _j j_j V jjj «■ « 4_jljjj >jj (_^4_iljljji j<t_j jrul j_j>J jjua. 

. jdjA>j jl£(b (free energy) AG Cu-u4jj<Lui <^>jj o4;y 
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ij-xjj Ij cljJ»l■ Q n<>J Q.<nJ Lî> 

OlSdjjjj jjj£«J<b jjj 

Fe- 2e = Fe 2+ 

. J > < JJ& Jj Jj Ia Lj ■J^7~ < '‘<JT <L>JJ^£J<C> JJ J J<C> 

0 2 + 2H 2 0+ 4e ~ 40H" 

j^j^dJ-^<U J Lui^JjJjU jJJjIj J<L^<l 1 <L^dJjA^ LA <LjIJ 4 > ni Lj 

^\>AA.><u (II) Jxxllj ^ J_U-o£jj Jj U 
Fe 2+ + 20FF = Fe (OH) 2 

J..j Çj. ^ L_> djj^djj^ <i^4 \ h>Lj ^ j >-i 4i^jjjj U 

.(ii) jdUilj < «■ -X j'. 

Fe(OH) 2 _^ FeO+ H 2 0 

(jj ’lJ w i 's jlj j jjk i . i 'ffi (jjA<U> (jjilj-jöJ c(II) j-ujlj (_g jj l . l 'C Jj 

J L_: 4 _.... j .".AjAlldA (j—U J<< ‘4 j (III) j ■■■l t * (^ '■ ■ “^jj < <* A 

> <t__> I j I JjS j■'_i jJii (^jIai 4 j4j (III) j ■ ■ ■ I c * ^ * 1 ■ u$(jjJjLfc 

. (jjuûjj a JIJ j-dulj (jjLSdjl jUj. A ' ■ . ..<j‘.d I ■»! ■ '■■->- jj<Lu<U <t£<LLuilj 

(JjJ jj*-^ Ljbj-^ ,J j_j 

LSjl— uiljjj (_Jjj— a. jjj (jûl-SljjlS <LuSi<U l jj~i .. .lj<Ll . jrujdJ LûjjJ 

O 4~i j (jij—3 jfcj—L J—£*j (^jt^< j~ijl jjiSJ<b djljrç^j4__i <1 . 7 . J<I <U> 

(_yiljj_i.lj (J<l2jj^j<l 1 (j*j<LJ j_j . jj<i_2*J «t_ilj_û jL_ûj_ilj 1AA jj~»- J < 

cri 1 l^ < 4*J*-? , J <u " lt * 1 fl^JJ *-i ‘ûîH cri 1 j<'j*> jj 1 ^ 

j(‘*i j«j jjî.Lj) j_uilj (^3 <lj<G j<l2<L> . jL> aj<> ~. .*... <ll>LUj 3 (j<L>LL<tS 

j L>5L>jj<L-a jjI 4 K <L_> j O-JjSj (»J_aj I J_ibilS<UkJjci. (jdjl jl^<L_I jjj__4 

(j<t_Sj<tj (_jjl jLl 2>. j<t_j (galvonometer) <t_Sajj<t_a jiLÎlS <aj<t~> >1 . ..<t > > 

■ (jjJJdJ o i >»J lj_><U j LS<LS<U<LJ jljjj<lJ 
.(jjj—Sdj jL_SljjlS (^s<u_><G <t—jj<a. (jdjjjS<u_> dj<u_j (jjl jL_lş. 
(Jjilj-jöJ jjjj_SdJ jrL^jjJ_>U (jjLS jj<t— S jrL^jjJ_>U (jûLS<Ujjj lj 
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j jrûjrS-iua. ljj_ui<Uj<Lui (jjL<t__l jLSIjilS (j<t >jjj<tS jaJJJ ‘«l +■ 

.(oxide) jujjjSjj jj jjjjSjj I j jjj Ijjj jj-ainSji ■"■<>O i 
(J*j<t__a. (jlj_>j jlS<t__Lj Jjj <i~<<" .•:■«<< jru-iljjj . I j_LûJj<U J<t_S<U 

(^j<t_ajS. jjjJ (_y^<U*JLu j Jji.iS jj jj jjjjSli j<u (Jj<Ulj jjjjulajJ^tj 

(_j_jJ jS jjjjlj<u> j<t_ui<U L> i‘<L>ja dj<tj jj Odj<u>jjSj jjj . j<tSaj <t_ajj 
<Ujj>.l_0 (J<I_SjjJ j<Uu> (Jjj<u jjljJdjjdJ jrça_uiSjj<U ^ySoljilS jljji 
jSajj<t_4> <tS<ti>.Lu. (j_jj <ljL£j OIjsj Jj<u> <lS*Jj<u jj'< < < < ^l j*j j<u> 
jjj<u_> j<t—j (ji<u_> . jj _uiSjj j__> o_> jjSj OIjjj Jj<u_*<tS <u_SljilS 


jjljjLS<tA i ■"■ <> l<tS <t_><t_jl Jj<U j<t—j jju<U_A (j<ûl jJ a. < < 

jl_>SÛS<t_j <jj<Lu j_> <uj<u d<t__>jj> jj<uu- . (roll down) jj<l_L>i> jjjJLa. 
<iS4 + 1 u>41 4_S>Jj<U (JJj<Lu j_> *>jljJ >jj>J £-Lûi<U 4_S*Jj<U<tS 4__>>j<U 
“>jj4_? tSjjj+^dS IJajj ( J~i ■ n <Uj<U j<Uui<U O-iJ Jlj j-kJJ Jjdûjj jjLa. 
>jj<u> jSaj . Ajd " <~. < aa.' (jj_L 1^.4 | jLu> jtijjJLa <lS*j j<u li j<tS<tj 
■ aj4-j-ki>aOJ (jjluiSjidj <U jjjj (^SdjdjLa jj (jlxlSljjlS <4Saj2jjk.<û 
(»<Uij<U (J<t_ibljitS J<t_j JJa4 4> (J/. 1 ■ 5~~ 1 djJLui jja<US .<U>LLL<UJ<U 

jljj_ û.Ij .j__a.dj jti4_I (corrosion) jljj_ji.lJ (jjA<t_ j . jjj_iÛAdJ 

jja<LA .ljj<UjjjSJ (Jj<lS_>jlS jjj<Ll 4itSljjlS (jöbjjûi (^SjiJjjjbdJ 
^j LS<Ua<Ut>j<U jljjjdJ OLSaJ O-uijjJ J * ■ tiSjj IjilS ^iljjLI J djulS 
j-j (^jlSd-uijj (^jLS<u>_>jû. j jISajujjiS j jLSa j_luiS jjj_>L a I jiljjd .1 j 
. 0 ->J |jj<Uui<U (_yj I uiSji 4_SljilS ■"< ■ < Ij kS <jLj j<UA<L| (kk4_> jjjûkjJJ 
<U>dj4jJjS_k3lj j»4_j .O—>jJSJ 0 Jj<Lu> IjJladJ (^jluib<U ju>b ^jljjd.1 J 
<dLjjjj ji<Ua t^SjLa ju j4_Sj j<LÛ jb<tu j_uib (_,SjjLajj jLûxLj 

4 SfljLajJ<tS j\j__kJSJ JJj J<t_4 .d-JLkgJ ^ ' -<. I JjI Jj ■". (^S<t__> Ij<LA4J 


<uSdj Lajj J<t-S<b .djljuûjjlJ j-uib (jJj-uiSjj (JjJuii (jSdjj jj i V i j'x U 
-j-La—uiS JÛ<tS IJjlt< * ui (^S<U> Ij<td<tJ Jjd L__> IjSuIi j (^S<t_>l j<LA4J 


ljj<ti cSidj <L>I j<tS O > ib OuiJjJ juib (jJuuiSjj ^jd jrdkijlJ Q >>4Û 


57 




■com 









F jl jo—Sijl Jjjd »L»LS>jl j.—ul jj J4 j ^jISo 1 ^i>j L_sj =n 

4_S4j4ua .ja E . JJJ..4 ~ jdLulj ^ ■•■»•.. J ■ .4 i4-l jj4d 4 _)IJIj li (jSjLsj 

4 ^ *tjtCj * l Jj_^ -4 j4< _j jd Ca.IjA. 1 .J )>J t tJl-iii AG 4 11 j 

J d in^d I J J J 1II t>J 4 1 1< 11) LÛ1JJJJJ 4_li jj4_l ^dj >JI jA J-U L 4<d i i" A< 
*jG-<jjjj j4j jjIidJ .(jşdJ IjJst^dJ (_jajj (jjjjdJjdJ djdjlJjj jjlJ jjj 
j_j ^4 * * ^ >j4_jljjj.1 J4 j jljjJ_jdjj4_> 4_jl j4j : öj4_jI£j Jjj_î) (£ j—a. 
lLjjj : dj._l ^ Ljjd—I d 'Ajd\.ij< ,sn ^4_J Ajl 1 . ,.J . ^4_J (Ji>j4_jl Jjddj 
(j»jlj%_^ dLjjjj * aj .dj4_jj jjj Ijjl_j djj.ljj4_i4j Q ." v »-l ^jj_j. 
4j4_Sj jrvJ Liiîjj, jjj (_£*jld j 1 jJ J J*)4~L JjLj liujpjj (_g J ‘*‘l ijjJllj 
j 1 >< >~ IJ.j_)J Lj. jj»t_a.4j Jd*> >(] ‘ (JJIu j jjjllj (Jj4jlJ . Jj4j4_j.l Jjdj jLj 
(£djlj4_l .4 _Sj jLujij 4j*jlI J\Ê J LjdJ Laj ‘‘» . jjdjj d4j j4j 4j djjJLjj 
j4^4 IIIO (Jj4_ilj (jjjJJ4.Jj.Jij (Jjjjji < • ^*'**J 11J < v »<d Ij-L I*»d ->■ 

^4_J VIJ_1JJJ Jl. . jjdJ Ijj4j 4^4 ‘iiiiLj (Jjdjl J (_£jjt>JdJ jrujl l^*)»j 

4 ^ 4 *1 i iiLj ,4j4^4 uu (jJjU. J(j-“tj (^ljjl^ jljûi (jixljl^ j^dj djljj^ 
j- '*‘l » ...»*»■ ..IL j<L^4j j*j4d4jljj^ jLj 4jjjs.JJ Fe" (jjjjLj (_gOj l mi4j 
ûjL jjLft .LjJ ç> iiijjJ j\_jji j_jjj.j>j jL jL j>j_j_JjLj - j » • ■*Li jj 
J * "‘^jj J ** A (jjjjLj jj Jj4_jjjj*jjJ jruajjijjj 4d4jju (Jjdjlj j4jji4J 

J_1 I J4_£jj4jl j4j r»jd<d*. ...ILdl (J4_jljjji£4j4j jd_j j^j*d » jlijj4__j 

Jjjjji d <d‘» .insij*. »a <*.AJ J ‘ ■ jj '»Ld (jllj4_jjjL> . j_jJ 4^4 uu 
. (jji_o (Jj4_il j Jj4_i ^24j JJj f. Ljldj A J d *»■ 'j< »al~ jlj4A n.iiJj . jdjûJ 
OJja. j 4 ■ j. I n‘>jjt>J (jûljl 4|4 I jjj d<d*. ...I‘» 4_S ‘»»lOJ jl»Ajl-» Ad J 

‘•I »“l< j j--» ■ ..<j‘» (jj4_^jjlj jjj4_J ljj_.il J l_jlj L m‘sjj 4<d*» ...l‘» 
4^4 ulû IJdj-lJ 4 »1 ' »*» »ljjT<d \a\ ^<J ».\jlj»<d I jdjljjjidJ >j4^4jjjo4j 
JjJ jjjlj-AöJ .4 _j 4A ^djj4__S (_yJ4_J^jJ (j^jjj4_J 4iij__a. jjj^Lj 
( J^jj iiiLj 4_^jLj4j jjjdj Jjjlj4_J (4 ^ 4 I I I <1 j j-uiLj (_Jj4_jIj) 4_Sdj4jlj 

j4j t jj (_j4dajjj j4_ui 4J (jj j*> iu jjjjLa (^dJLjJjj ClLj jjln d ^ (jjLuLj 
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j9 iu4 I jrta. jjJ_iLê (jr»jd uia4a j4_j jjj4_j jd <J'» .(jJ_jjlJ jd uu4a4j 
(j_)4_jljjj <j£j4_j (jjjlj_2dJ Ij4_j ((jj4_iljjj Jj4_uu4a) 0»_jjjj|j 


ÖJÖJjjd-l -(jjJ-llJ jrk^jjJ_jU (Jj4 im4a (^djjj^4_J j-3 (_gj4 i nn 4 -> . 
:ajljJ CiJjSdj jIj^JjLjJ ^jd nm d T . a *>J*>jl jL^ ji4a. (jJ4jljjj 


Na + + e 

-► 

Na 

E°=- 2.71 

Al 3+ + 3e 

-► 

A1 

E°=- 1.68 

Zn 21 + 2e 

-► 

Zn 

E°=- 5.76 

Fe 2+ + 2e 

-► 

Fe 

E°=- 5.47 

Cu 2+ + 2e 

-► 

Cu 

E°=+ 5.34 

Au 31 + 3e 

-► 

Au 

E°=+ 1.50 


OJjddaJ .**» ..»■>.' »Lj4jlj. j4d d j4j (_£jljl-ita. jjjjjjj 4j JJIJ<...L> 
(^4dflj4 uLa4a, jO u - j ■*■ -d |4 j Jjj. L_J jjjj iii (jjjj4 uu4a 4_ j 


jti Ljji li j_j_u li (jj—jjJdJ (jj Ljji Lj4j . j_ | J_j j Jji. L_i (JJ 1 _ s (J_uUjJ 

jLi 4_jjjj.öJ j-ulli (jj.JjL»jj4_£ Jj4_ij4j4_l .(jJUdJ J-Sdj j m^ jjOJ 
. j-iVi i‘i»J (jli4^4 iun jdj4_jjjidJ d<d*. ...Ij t(jji_s (j£4_ujta. (j*jljj_S 

(jj OjjajlJ jji_s (jjjj (jjjjj_a»4j lj»4.d<d*» uutj Ajl «j» 

: jjjljdjijj djdjljj.4j djdjdjj! (jiLjdjjjjl^ (jiLjd m i j^ jLa 

Fe- 2e ~Fe 2+ E=+ 0.47 V 

Cu 2+ + 2e ~ Cu E =+0.34 V 


Fe+ Cu 2+ « Fe 2+ + Cu E=+ 0.81 V 
j(standoard electrode potetial) (Ej (jj4_iljjj (jj4_uu4ta. (jjj4_j 

j Ljdj4_»jjs4ta. (_jöj4jjjjjj j jLjdjj (_Jjl Jjj (jJjj4jj4jji (_£djj (jiljj^ 

: jjljtjudj djdjdjdj 4jj jid jj4j ^4j 

AG°= -nF E° 
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f 4 <U CxujjjJ JjJJj-v tjj&oJ fkjîj (J-UL 9 

U4Uji- 5 j3 j 2 ^djLa _jj jj c£jLajj jjj> j3L»j (^^jdjLa^j 

^ÊÛOj IjjL ij<i_i<iJ ’(jJ-> jblj j[Ê (^<L»lj^ (^j^ jlj<U d<U (_^lj j<l) <J<t_> 
jûL£LS <Oj J)^a <t ‘> CujJ U a < ~ » J a <UJa. (jjjduuj l jrui <jJJj-u jl^djLejj 
(jjjj-i Cj-ujjjC (jJLS t ju j-jjjj IJ4£dj£ jlj<u jtSdjLajj (_jjjj£-aj<l£ 
(jûdjd — j ■ (jj<l — jt^dj jJl — jj jl—SdjUjj J<l— lu<L| 4 ^ 4 < »a jJlj—>JJ 

j£_>Jlj_>jj<L> i»j<c£»j£ j Lj <i_jjj^dJ jL£djLaj> <*i »"i< <<L->dj<L> j<l><lI 

a d < A ' ■ . ..< j‘l 4.J Ijj jj (_^jfij j ■■<< ‘<4< jjjUÛjj d JIJ J )■.<*% j> 

. I J4£jj2 j LjdJ j LjJj<L> Lû (^*jlj j<Luu 4 jL£»J 
(_^_>ijûLJ jL_> o-ii><(-L j£jj jÊj-Ê (j—cûjj J|4 _^<lI 4<<>~» ■■■i‘> <»i v »~i< 
j<l-uu<lI (protective film) jdjjjlu (^JIjjjJ oajSdJ jj (_y£jJjt£ o<-u4J- 
j» j 4 j 4 _£j Jl_> 4-JjLa— u 4 j jL-aja jjJ ■**» U 6J **' ■ ■ ■ jjJ 4 < d ~| ■ ■ ■ L> (JJJj 
■"■j~ (jdjljj_£ jl—j A j4 — » <»l »<a Ij-L <*»4 ->■ (j*jl_a j_> jl .< »Q . 
<j4 aji »» jdjdj jjju jLj<Lj jl£djLajj jjJj4_A L*im ) > . ■**....4 -L << < j* .1*. 

<Gdjlja. (^djLaj) J4-J (j-ijJdJ djJj^j^ jy-JijJ (j>JJj ^4jdjlj<2 jli 

I ' < g »"K<> l <Ol.SLS dLjJjG 4^4^ iiijÊjÊ (jjlijj J<l^<U dL> jULj j_Lûjj jlj 

jr<a.jjJ_>Li (jjLS al. .OLGaJ j 'J*< »IjLS <L)1 £^Lj^. j_j (j<LGdjljjj 

jj4_>JJjJJ 4^4-uûjJ Jj I j.S'U 


(jj*u ^jUuJ’ (jb 33 J j4m> ^oddlo 

.(j4£<Lj j4j jLj4j d <aV»a » jSajD j-uujjlj 0 j4jG<L><L> djj4Xlû dj<L> 

dj4_jJdJajJ<LA ‘»l < »»"< (j*j4_> <»l »~l< jjj£ j<Lj 4_aj<L> (_g<L>l m »j j4_j 

(j>dj4jj (_^4jdjJ-j>4j 4^4 *im} jJ<U jlj <j^jJ 4 jIj 4^ -4jljj. ^4jjjj- 
jLj jlj (_^jJj 4^ < jjj^dJjöj d<U4JLi (jJj4^ (jjt^JJ (a4j<U V (jjj^öJ 
'jj a. döj (jjj4__^<u d<Ujj_a. (J^ajöjj_ Uû4j A j4 <4 .V jj-4 A4 I 
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< j<t_£ajjl^ (jii i> (jJj 111 G jjaj IjûjLj 4 I <»*. 1 . <j< ... jjSjLa 4 I >Ujj 

jLa4__A j<^jj__> j> Uûjj (4) (^4 _Gjj4j j—uulj (jiljj-jllJ (^jilj—SdJ 

Ol JJj IjjljjLdUU ^ j-4-uLj j<L_»jJ<£ ^jljJ^lj ^-OjJljIX iO 

. j<L^<>JJut-ujjJ jIJ jIj J<L^<Ll j<Lil J.» i ^Jjhui^jj Lbdjj^<l£ 


/» ** -*-j :• //** . < 

..'v; ••./• *:v $ 

— — F«O-M,0 . 

— — _ FrtOM), *” 

— u»_»— < _ 

♦ aH,6« m -joH' — 

* ' y * 4/ - 4> / / / <r ✓ <û »VV -'>'•->■£ 


• <UljJJ (^jj (_^<uljjl^ (^4lii4^ j-utj (^ljj^lj :(4)^4ÛJj 
OUj<L—<U (jj_>4_— Ij < »*» •"■ dL>j4ÛjI >a (Yacht) . <d_>jla. 

IjG ■**» ■ ■ ‘Jj ' aj-J j _J< ' » (J-u_a (_j4 » '**‘j 1 ■ '4 I 4 <4 > ->■ 4 » (^Jjd_j_> (_y •"■4 » 

|jt_> jdJ (£jlj<U (jajJj—>j <JjJjLj jLû 4-_>Ijû. 4 OtLii. i»l »~l< . jj_> 
Ij l_>_ < »»j£«U d_>j£<uii jd£ (j*j<i_jljj jGaj jj_2 aj4ÛIjj<L> *» ■■■< ' 

. <La<LÎ—u <UÛ.<U (»<U jJj£j4i<Luu jLa jÊ.aj 

j j '*»l ■ ..<j‘»4 I jl_£|jjl£ ‘»*» ■■■!jlj j > 4__>4X d4 »4< Y »j '*»4 -«- 

IjjL^ (JJJj (’fjilj-SdJ .djjJj_S Lgjt ji » MJ_> o. m jj-uu jL-ÛjjJL--U 
j»4-j jjjSoJ .(^jûûjjjlj 4_£ljil£ (_g- 'j . . . *îj j (jUfi) (j^j«L> (^_Uljjjj<L> 
<£^La. jjj (_,£<!_> Ijjl£4£ j»julajj4_j jrûlj_JdJ . j_> di4_j jjj <UlljJjJ 
(_g ,.'J m‘s jj (^j—a. (^lllj_Ujj<L> <L_S<Lajjj_ajj<û ■ jJj-^Jj*j 4__i_jaj4j 
. (jj_>jLdJ jj (_yj jjl I n‘sjj<U 4Û<La jjûa<U<U 4Û Jjjûjju *JIJ -j ila4j4j 
jLi Jj4 Ijl jdjdj4_i> dt_J 4_JjLa-u<U j-uulj ^JjLajj ^LjjjO-j 
(j-u—« JjJ—uj j^-Ulj—>JJ4J 4__£jjLajj .Oji —uua jSIJj^j—^ jOj\jj-Ê 
j^öjL) dj-^jlj jl^ j\jo- Jj^ j<L«u<U j4Ûjj jj (_y^jjLajj .(^jûûjjdJlj 

^ljjÊj-Ê jojlj^cJ OjLojj j4_i dLuSL£ ■ JjOj j_> jjj-Êoj j4 *Î4<*>»j 
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I i>J d<d ■ .~ . ,.lj *'■!■■ 4 j 4JL < n 

j jLjji. jljjj«U ddj j i7 i j< >jIj j&4_j jjLjj I jjLji. 

^ ■ l< a. ij.1 < j<Lj^(U jjLij jLj u ■ l< a. jd < Ix^jj1£l1 ■ IJ4<4 |7|J171 


jj^j4_j (_j«t—jjjjj jjJ » j ;> j jL_j ■ jjj—JLlSdJlj öj«LSd—.ijjii 

^yjjjj.Ld j4_j jijj—i j4—j J^jj4—J d_jjlS (extreme) 

. jj^JJ 4^4ujljuul 


L*I d i d i*^ijIbLU^^ id td ul t ^ J t d 1 

.dj 4 _jjjjl jÊ&J 4*>4 jjijjji j 4 _uu jj Jjd ~j<daj 4 .J I jjj ^<*«d ~ ^ <■ *■ ■ -^ 
4 _£djlj Ij 4 _j ~- .4 < ■ |J 4 < 4 <*i 4 i 4 *■ ■ a. j 4 _uu 4 j jLj d-jjjj j 4 _^ 4 j II ■ ujj 
jjt_l 4 <d .V.j.". ^jjjj j 4 _uu 4 j djjji 4 _S ÛJL_SjJ ■ “■ . ■ ■ jj■ I d 4 __i 4 _ijjj 


. a j4j i ioj 


4_j4j (JJJj jljdj (J4_uîij^ jrjjj jjJjjj Jji.Lj d4_J«LjjJj (jajluîi 
t j_J Ij m i J*> jji j4-<j4j (jta. jj 4^4jjJj (JJJj 4J4^ djjj4dll j4^4Jdj 

:jjJJJJ <J»Jflû j»4j (jjiljidJ 


Ca! 0 = *^c£d 

si.g 

I J jt- — (3»J dJJJ jljjidJ 4jjjj£ djjj — 5s,g 
• |J jdj — Juji (JJJj jljjj^J 4jjjj£ ÖJJj — 51,S 
■IJjt^ — Jul l?JJj jljlû4j 4jjjj£ djjj —51,g 
.<jjjljj jlSdjljlja. 4JLi (_5 jj^ djjj jiaj4JL4J (jjjljjaj 

_^< ■ IJ_j ^jljjA jL<4__i4j (jiuj4 j d < . ,,,Jjj d4 ijjjlj4j 

j > jlJ ^jLllubjId4__i jd_uu4J ddj d4 iljill Jjj. t i d ■•:■ij_2i 

j' j^ 4 j jjjlj 4 -* ( J^ 4 ^ tj -4—Söjjjlj4j (pan) (^L-jjjJ (_ y m ljj4A 
^< .jd 'Ij4j jLjji ^4 jG j0.uj1ûJ Ci I nJjJ d4jljjts 4jljjjj4i 

4 -iij^jlja. uy^^jdjl—a.jlja. 4- Ijj IjS 4-S (juu-a (j^Jjl-J 

juIjj 4 - 4 (jdU (^jj-uulj ^yS^jft jj i7 |4 j 4_Söjjjlj4i .(jjSaj *î m jjJ 
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^ *■. ij< j~. * < Jj_ luL A jd <d ■ < j JJ4__44_1 i -*.jd ■ jd |41 . >jljJ4jjaJ 

j4-£»jtL (JJJJ J 4 -L? 4 -ilJj4^ j4-j .dj4-_u4j (jjl- uul^4j 

(_^jtjaJj4j j4-i^4j djIJjdd j4j ■ >j4<4-l V4J jl Jjljluua. (_^d-i^uj4-ajj4JL4J 
(_yjtSdJj4_S j4—I^4j j-j (J^4_j^4j t jjj 1 hj< i>J|j jLl jl J-Sdj (Jdjdjuj 

■ 4jIj£ ûûlj ■ jjj 1 hj< i>J|j 4 *s 4 I 1 » (JJJj j4 1 1 1 (jlj 4 —4 (jil—SdjLS 

jLi HiJjd_< i>jd—jjd-idJ . j i7n<Jjlj jd4_i jit-jj 4 I i"i _jlHi>Jjd__< 

jluilj Ij j ... ><a. llj i>ji> jLj j-i 4<4 | i"i (^jjj j4u_u _jj 11 >Jj4S 4<4-LCi 

<L ^‘ , JjjJ .(S) 4_l 4jl_uu^4j jJ IJ^1^4 JjjJ 4j<d dijlj (jjjj C?j4ujjj4^ 
.ClLlu Jt-lj AS (Jju4_l 4_£djL (JJJj (Jj4jJJj (JJj4j jj djdj4^J jlja. 
jt_a.lL 4_<>jtj (JJjJjLj *■ l<A. «jd <d I |.| .1 *.d A d <d IJjJ (J >J 4-J Jj^ j il 4j 
(J4 _jIj 1 A j4_j (jjJ J —1 t>jd_jjd_idj d <■>j L (Jjjj j4. 111 d * *« j ■ j <.v I 
c j..i i i j<_t lj djdjLi Jdj4_j 4 —Sûjli (_$JJj (_yj t^i>Jj 4 —< jdJdJ Jj4 tfl4*> 
Jl-ij jj 4li.li JJ-I (jd 1 m i'i j4j ,(^*j*j (ulajiLj (work) dliuiu jj 4iljdd 
j4u_u4-l Q.Uj‘> 1 i)i4-lIJ AW j4^4j . jjjlj (AW)4 j 4£öjL (_Jj4jJJ j ^LJj£ 
6= AW/AS cÛj4Sjj Ouuijj Ci^jj^ (parameter^jjijjljj^ Ij4i «Ij AS 
.(Surface tension) (5) (Jjj£ »jjj jlldJ (jlu4d 

d<d uj~ ....... (j&jjj OLS jLb ■ Çi |4 <JJ jLij 4djjjj (_£j4_iJJ j JJdd 

Jjjd4_j (j4djjjj jjljiL d<d j 4 ■...«... iIJ.TiOjdj (J4^4J .Cuddjj jLj 

j4_jj4u4j .OIJJJ (_g Jj4_û Jj< d d < (^JjiLJt 4 iîi I a4JL j< |4 I . Cll-<-l jt_lj 
j—? 4 £L>-a» (jj-^JJjJj L?j-^ (j^4jdjj_uii JI—j (_^JJjJj4_S «4_j4jjA 
(_Jj4_ljjj jjjûa4_< ^j-J djluii «d4_JdJJlu> (_Jjlj£jjl-Jj ^4_li>jb4S 

. CuJdJ 

(£*J * '*** (jjûjjl J 4 l'l’lJuCl ^< «ad «d ■ jd . ..d I ÖJ_J,a. « *j *‘d < 
j4_uui 4-jjjd.JJ 4_< jLj <1 ‘j I ' (U^4_l .(jj_SöJjdj d-jjli ^<d -j< 

di4_j <J*■ ■ a. (_gi>j l i~i4j < ■ l jdjj4_l «dI l (_£4 _Cijuji ^< «ad .d~ 

JJJ j4J ( ji . 7 ijJj ^jljLja. (^j* .dj4jJJdJ jjL IJ4<4Cijuii j4uui4j 
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>J Jj (jj__St> J j-._ j IJ 6 j4 £ 4jj^j L i 1 1 jj I£jJj 4 ^ jd_j dj 

.<jJLUli <t£ojli (_£jj£ »jjj j(surface active agent) ajljj£}tU. 

Q ijJ ,_jG<t Jt>jl j-S *J<* " -|JJ»J IJjl_J dûU.1 Jj<L_I<L| 4Û<LjjjjL ..|4^ 

4_Lj jljr>£ <cd>ojlj>£<d CjIUjj jj«>J jljjj<t_j m»j 

^yjj*> I uJjû.j La (J<Ll<Laj£ (JdJj_ö<t_j k<Q<tij jjL u LS>Jj<t_S .(colloid) 

j Cj t ji>J jÛjJ <t£jjljrt£ .<lSi>jIJ\S <LÎ_j<tûi>J dLtSijjui __^_uûji<tS .i>j<Ljji>J jj 
<L ^ d jU^ L?JJJ j<Lu«tJ (j-JJj a *> J~jj I j£û£<tJ jj. ji<U. (JdjUd 

.i> j<Llj-Jj>J juJJj 'td>jlj\S j~~‘ <"t<jtj^ Cj_ui>J ûiuuJjj 
d-JJj^J^ LS-“JJ J<L^<U (jiiJj<t-J (Jj-ij Jjljjû. OjlJjS J<U (jjiljiöJ 
J<L^J^ <ti<t£jJjûjji Jjjjj . jUl$jjU<L_l d *<j • ■■ (J_uJjj ^~1 >-»- << t 


(^djLLuKtJ C17H35 COOH o.-uj<Ljj<Luu (stearic acid) ^,<jji ■•■ ^jUujö 

IJbaJ<t «o4 I .<Ll<t £ <t-Jj-jL-uj «jj *< * *~« J «<J^ >j< ~i jjdfrJ I J-a 1 jj Jj j jj 

l_aû_û ûLi»J ‘~< • “jjJ ‘ ■ u u Ia ^Cd */\jlj-< <td<td_jj 1 < < .^ -~‘j < 

. CjQöJ CjjjjJ jj <td<t_l_ljjj <» j <^- Ji>jj<lû (J<tdJji<G <LÎjj>J jCj<I_i<L»J 
ls%%ÎH ctAj 2 esAA* ‘ti^jjjjt-uj <djjUl-u« <j-iijj ^jjû. (_jIjjj 
<t_S CH 3 (CH 2 ) 7 CH= CH (CH 2 ) 7 COOH <LuIjjj (oleic acid) 

<L_l_ljl jjJ OJ—j<L (»<Lj (jjilj_idJ .<t__j|jjj (j-ûlJjJ (JJ—j<Ll (J<t—j*j%Ulj 
j>j<L_j_ljûi>J Ljll <td<tj jjj l j jj<tj <td<t__Cjjj d. j Lj (jluj<L-j i>j<LÎ_jj__i-u Lj-J 

^jLj .Cj—jj^>J j_j (j^jJjL-S (bromine water) ^jj—1 (_jjL-j j<t_^<U 

>jjj<L J<t_<-u <Q IJ^OJ <t£<Lojjj <t£jjjş. (jjjulj (j<td>jjj**j <tsj>j <t£<Lojjj 
>j<t—jj<tj<t-l jjlj jl j—ûjJ d j I jj jdjjljj —uj (_j—iijj .<(—S<L»jjljjJ 

ji>j<t_j_ji>J ^ .“■ I jjLj jli<U ^j~i~i<t j * A j 4 *" ,d 4 jUjjjjjui (j«L£<t-jjjj. 

>J<t_iJ<Ll<t_l j d < A <*< . “JJ. j ^ J-J JJ I IJ (JJ ) IM^JjJ-jL& J l~t ‘ J,d <J d ‘ <j (_y ‘~‘J * 

<t—»<ti (jjjlj_j>J .CjL_£oj jLQidj 0 41 j—S>j jjjjl —uj ^djljj—^ 
Jj d< l<t j J<td (_y^_ljj<U jjjjL-uu d<t_i<t_Ljlj .(jj~l 1 a l<t I «11 >j<tiJj^UÎ Ui<tj 

<<lSUjj jrdLjijjji<tJ (_y£<Lj<tJj£.i>J jUuiilj j>j<Ujjjj IjUijJjS Jjj.lu 
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^< d «J< IIJ 111 <t_L^. jU '*< d <UlJJJJ j-j) Uj iVl^ '*< d A. (jj Lil J4_l 

<tS<tjlj <tJljjjj jli<u ((^J<tljjuj 

jj|j d *< d .~j^jlj~< Aj < -«■ jlj-«- d 'l" J ‘j d I jLj djUljJ<t_J U_|UUJJ 
(j-qj < (_jiLIJ<t_i . juuujjj aj<tdajlj (jj jj<Lj <U>jjj> jlj-J.<ti d<Lioj 1 «7«<Li 
<td>j < ~<.jljuo. <t_i jj<l_£-l JjLj <GLjuj J<tj jruljjOJ <td<Llli <Uljjjj jli<U 
u>u_t“^ >jjj't_j CilJOJ jI Ad < -j (jI«0j<Li IOj4-jjjOJ Ll 3. <ldojli (jjjj<U 

■ jjJJJJ (_yjUuLj (J<ti<t_l<Lj 

2 

20 <(J jlj (_ 5 JJ-S> JJj .(jjjjjOJ ~~jimi /<^jjj (_£<(_£<Ll<Ll 5 <jljj£<t_l 

2 

d^ 1 t*td ^ (3< ^ ^ c 4i /73 <L^ 4jt.,iii^4 t I Jj J4-iii 

2 

(_j<U<tjjj^ OJJJ jJj .ujK k (XUJ /tSijji 22 <U <U<U (jJ'tSjjj (_yS4jjj^ 

2 

■<tijjj jii (_j-*<u jjj<t^ ^jji /ujji 62 

<t__i .>j<t jj jjj I jjl—j dULIjj<t_j<U jjjjl 111 (_jSj_aj ^d<t_j<L..-:. jb 

jjj<tQ (j-jjJOJ ojÛju <Q>jLjjLuu (^jj^ojjj «Qojjjlj<G (jjliÛJtjU<Li 
a *i .u jOj<Q ojjj I (3*>j_i (ji<t_i jj J<t-J jjjjl-ui (_^Jj<t_^ .»jjJj_£ ^-a<t-£ 
_J d << d ~< **<■ jj ''U<U <Uj_uudjjjLS (j<Lj<L>jS jI .< < .7.d . k<t_j<Lt jljjljLuJJ. 
jö ’j4_j_>IJjL j 4_J ^£jl j4_j 4_>4^ COONa 4 _jI j ö j4_J<>Jj^-uu4_> 

. j . Mj^ oJlj (_jjj- (_j)l jj jli (jilSoJj^ 

(_^<t_lOjçajj<U tdj _ 1jj (_y < v ‘< l< j<Aj d < jI <J~ (J<t£<t _ Ci<L 

.(CH 2 ) 16 CH 3 <ti juU jj ojjjL^^jj ^yjjjjl^jjjjU 

d << Aj .1 *.j d <Oi' j jj■' <t £»jLi<U i ' d <«.< !<<i 1 CH 2 (_yjLj<t_J<u>jS 

(j<U<t_ilû.uuuj jjj lj <LuCi<l> iOjojLi jLj d ~< ~<- a.' <U<jjjuU uj (_yjUojj<t_S 
*■ 1 d * (jj<t-joJ (_g<td<t<> K 1' < v «~i< d 1 (jjjoj >jjoj jLi (_jj(£0 Jj<lS<li 
( jjjj j<t . ..<U <ti<i jjjLuuj (_j.Uojj<LS: . I j_a Ui<t_i<U . ojjjoj d ««« <tSojL 
jj_joj lj<t_4i —jl_j (interface) jljV><t I ji. ■?■ .*.i< d < K j j_i>j <t_SojLi 
<t_SojLi (jjjj jj n<t A ■ j 1>J 4—SojLj jG<LJ (jl«4^4tlt i-uSjljU 4 i~i 4 t 
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j 4 ■■ ■■<i<4J 4 .i i ^ ljl^4J jj ti■■■ ■«!»<4 j ^ Jj 4 ■■ ..^ ci4.—i ^^ 111■ % 

. ^djluujjJ 

j£jjj J<LUU<U dj<ÛjJJjÎL jj-U<La <«^<>jl djjj IjtS (jjQdJj^S 

.OIjLu ... j t ^ ‘j <Q<Uj<Qj<t__uu <Li ui4 *j d * (.^<Lj j j•> J jJjtj 

jjjJl'Lj <lS<L>j<lSj<L_uu <Li_uuu<L»j<L» j 4 uu<U <Q <>J I ' ' << ^î' ~<. >jjj ^ *< I « .. ■ d < 

■ jJjJ^öû »J<l£»jjlj4j >jj£ 

<Q •■«<*j<L> j<t uu<U jO_uuu<L) jjlljj_£ ~ <‘«j 3. (jdj<L_j j t O uuuU 

djdj^L^J jU<t_S ‘QdjluLQ^IL^. djjj ljL£ (JjLjjjj < a ~lj ll <Q<Gj<Qj<Luuu 
jljjj<Ll *J*J<QjJJj < «I « * !-«■'» <‘< . (B) < .|<L)J<L) ^j jj 4JLL<L (JULUIj4j 

OQdJ (Jjr^lj <QûjlJ-Q^ILa. djjj IjQ (S) l?»j<4JJJ J<U j(P) 

A ■ u << < 

Jl_lj j tliuuJD Ûtll (»<Q j<UJJj G (6 J<Lj_) j) <t*^<t I) (AB) ^jujl<U<Ll 
<L_iJj_ijjL& <UlJ<Ll 11 11 j J<t— 1 JJ J J jt 1 uu<L> ^jjI i << »t ^a1V<j '< .<ûl(_£> J 
<L3lj ^j^ (J4JLi jj 1 ^ ( j~i,»< (_yjlj^ÛJ (^taj^ j<t^<Ll 

PV ~ RT (j<t_jjmj (jjl^ (j<t ■ " ■<- jU<l! <u<t iVi<i jU ^<Li ^Sl<u <PS ~ RT 
^Q-i j Lj <L_> I j 6 j<Lj jQjj <t_jlJ<Q • dj<LJdjljjS S <L> V ljdj_lJ .Oulu^dJ 
(jjtSdJj<t_^ jO-ulJ AB (yJuA <lj.jIj<l) (two dimensional) <jjjjJ jjJ 
lj<t-J t»j 4 M <t Sl j»<t_S <t_Sûj<Ujjj (»ljaJj<Ll j<t_S<(j . j_i jjjJ jJ<L><t-l jjj 
*JJ J Ijl—£ (_yjQdJj<1—£ j<L_j^î<Ll <L_Sdj<Ujjj jjjd.— t> |J(B) (_jJlû<i—I 

.(jj£jj j^Ij <t£jjl j_Q^ÎU. 

jj L_ij (jjl£&Jj<i S (BC (_j__ûû<u) (jjijJl__ij <Q<Ljmj 1 * ■■■<)< j£*jL_j 

Jjjj Ijt_S (_yjQ jj j<t_^<tJ <_l_ij.j<L4 *<i<<> < i<<i< djjj^.<t_> jjjûaj < ■" 

^jlj-LjjjjJ jJjûjJJ <t__Ljjj<> J <>j —lj jL_i <t<<t I i7> (jjjj<t_l <Qdjl jjQ^ÎU. 
<~< Y *a.aJ d<U<tI ■» (_yjQ<ujj j<lI *j<u<lijjj ■"< ■'<> jl.*»!<<<< t< <t£ jlS*Jj<Q 

. jj Ij(dispersed) djljiûj<u (jJ j<l^ ^<uUjdj <U<Q 
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<L^djl_r^ (y^-jöj lj<U <Qdjl_£^ <lîjj^j jU JJjjj JJjjj j<t^<0 
— l_ij-ii <lLö jdj<tJ U ■ •■ ■ < . O O>j j Uj <td<)J jj < ■ ■“■ <Ojja. . o i iaj 

d IjJuslj A J<! j «tj< < jKitjl.t ««<MI -*■ ÛJJj djjl s ^*«i<<> »<t»« »< 


Langmuir film ) j jj^W (jjjjljO <tJljijj (jjjjdJ ^<0 <t S i*i. ,,jjj 
:<Udjja_#<u ^j‘»<‘»~t(]< v ‘j (5) (j<Qjj (balance 



Jjjj (j.S<ljIjO jjU<l) (jj_£dJ jj j-ll jlj-ll <0<uu<t T'jS ^t djj<t_Li. 

Ij<i _j*jU (jjjj j<i_uu<u<0 (jj^dj_jj (Surfacctant) (jjlj-O^ÎI _ a. 

jjljjJJ<t_S <L_><L4 (B) (jjîîj_a. (_y£_ûL_uu<Uj<U <t_j<>jJ<l_i. Ajd *: ■.A.'j *il. 
lAdjj<L_* J(jj j S ) <0>jl J-Oi!l—a. djjj Ijl—£ J<L_£djj4a. (Jj<1—)JJJ 

<1 i<Q <1 j<ub (ji(F) (Float barrier) (j<0j<0jUj<i uu ^di uu<Uj<u 

(torsion balance) >j<t_S<Ujjlj<0 ajj£<t_i d-ijU (gjjJjJ) ^,<<^*<<jj ■■■ 
j4 (^yjG__uu<u <t_0> jjlj<0 >jj__j (j(pointer) (j<Ql <~< «*« .>jl j<__uu<u 

>J Jj <lj l<d< j <! ^ (^ ^ *j * ol J>J j 1 <~< * < < Q <UJ<Oj<1 I ,1 <Uuuu<Uj<U 

(jdjljj (_yjjjjLuu (J<Oj^j> j<0 4jtS<Ujj<0. 4Öjj t > < sjl 4 ‘sj*i ) jljj^^îl^. 
L?JJJ J<<-" >j<lO-ij j4 ij ( j ) (djjflLS (_y^4_j<LljijdJ JjQ.L_> dj <LÖJ jlQ 


(JJJJ J<t—uu<U j-J .4 l*i m OJ <0>JIiLO^!l_a. djjJ lj l-j '4_S>jj<La. (JJL_i 

.4_><0 <0>jIjj^^Lj. >jjj IjLQ (jj_i >j<t_i j<u<lI »j 4" v « i>j jiu IJ<td>jU 
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jûljûdJ Ij«Lj jrûljj 4-Sdjlj jdjljJ^L* »>JJj Ijl^ j<û (_JjJ 

. jjjjjj (_£<t£ajû J Jj4Ê (jajbjOJ djjjU 

ji<L^. <L_)*LL (_g4jl * * a jJ *jjj<Lhj <LljjijJj j<Lj jjjjL<j ^ j» <Lj Ij<lS 
jl^djljj^^Ua. djjj 1 j 1C^ C jLaJjLaj4 • j" 1 * *j*<jj . j<Lj& d<L J j<& 

(jîidj<Lj <dj<Lj<t£dJ ^<l£ ajûdjjj jjJ<U jJ Ljj (_£dj-Jj<lJ jlj (_JjjS djjj 
jlj (_yjl^<djJjj 4 jj£ j(jI>L»jJ jl'* <<">->■■ j~‘*j" A ' << < -~.^i < <i .Aj-jt (_jl*»l/» 
ûL£j ‘*** ■ “jjj j<Lu*i<U (stain) (^û<l_>»lJ<u jûIÛj j<lû 4^4 i-ûLojs <ll.j!j 

< * •"■*<■jS j<Lui 4j j<t£ (_^JJ<Li. dLujlj<L£ j-jjl J (jlJ <4 ■ **■* j 4>j4j j»2<U 
^< »jLj jLj<U 4 iSiLflji j4j j4^4j Jj£ .**»■ ■*JjJ j4j-u 4J (jû<U<lJ<U j4^jj 
(_gOj ||") jrûljdJ Uajj<L4 . »j4jjj»J jlû 4Û<Ll4j I j4j LÛ.J4Û.J j»jlj jjj Lj. 
<L^4i.jj L?JJJ 4Ûljjj (_yjl^4-jjj^ djjj jljjj (JJÛûjj4j ^jA4j 4jjJj 
j4_4)4Û (jjjjijjdjl J jLj < »‘» » A4 ■ 4Û4jjj4Ju <U<U j LUû L .(jjj—udJ 
I j4j . 4Ûdjlj jlj 4 ‘»»J< » jljj^U. djjj (jû<Lll jl£ llidujj j4^4j .4jI jLj 
<U<Ll 4 >jLJ jJ ■ jjJ JJj4j I J4Û4j<L» J J L (^jjj j4 i n4j .lûJJ Lj U J Jjdû 

O »11 Jjj U<Lj4jjJj Ajd ~ .»A.' Oj4_l Ij4<4 iSiLajŞ jlj<Lj (J4Û4 j jj<Lja. 
j Ajd » d < *j I » »< M I v Jjjj (_jljl_£ ^*»*< A '»j4 < ^*»*<4 4*4 A j4 »*<*■> 
<Lj jJj ^£jdjdJ4d (j-»j » »*4 a.\ jd 4 ^j4_*_o j jj>J 4^4 jjj4a 4jjJJ djdjlj 
. j>J£J ^jjdJ jlj (jû U J Jj<U (J 4 Û 4 J j jjdJ 4Û4 jû>jj4a- 
4jjJ j j4Û*>J 4^4iuiLajS<*J dj<ûjjj J (^jjjijlj jl£<L>jJj *>j4j (^ljJ 
4Û<L»Jj4_a. (jûl£<LjjJj jJ<LjLj <tû»jl j-UVl-a. a jjj IjLû .*j4_S»jlj jLû 
j^< » ~<- ^< iSjljrL '*■*• »>j4j j<U4j jd < » “» ■ ■■ JjJ *>jj4Û (_^4 j jJ J j jj< »<4j 

jL-lj jûLu<L<u jjjj\ j-jûj (emulsion) <l^ jl jtjjL j<lÛ o_iji>j o jjj 

. öj4jjjj U L> 4Û<LO LajS j jjy <i 
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û»j<L> ijjj j4jjIj4j <Uoj <ij^> 4 )»1 »4>j4j jLuiL P _j)I)I»)4_) (6) (J4 Ûj j 

»< < *< Ij < g »~l<4* jjjj_ûdJ ( H - (_^4 14 /ij< j (Û4_ JjJj 4_UIÛ. (S) (JJJJ 

. jjjjjdJ jlS4jj>jlSjjJjU ^jÊdj jl£<u£ljlL>j 

jl-4j 4_J>|jj4^ j4_J t(BC) IJ4 _uj 4_» ^4_>4j S ^4-J J^S,o4 S4 j 

6Jj4...^ 1 Ji.i nS » <>j4 m >jj 4 > j 1 >^K4 .i X Cu4_^dJ 

<>j4_jj4_>4j -<>j4 H > \ w><>J (^jl jJ^4-j 4-> ljj4_Jjj ^4_^4_>4j jl£<>jlj^.jj4_J 
11J, >,> L> j^4 1 .^J^L> (BC) I J4_ioi4_>j4j (F) >■< <>4->j4-> j4_lju 4J jl >■< «>4 > 

<•—£ d jjjU jI— £°j l j~^ j* jjj dJj<*—S j_ju<i__a (_j—ÛJÛ U(B) ( _ J Jti.4_U 

ji_ajjj J jj J (jjj—i. (_y^<L><*I iSi jru_JL jrûlj_ûi>J .djdjdJ d *» 

(i<LÛ U_lo 4 < J j 'Jj *" ‘ “ d 4 li j*<d * ■"■ i>jlj-ûlj j£d»jj4_Jb ■ ."ij *' ....>■) 
J<l^<û . jCLu«U (_J-ÛJJ <_y£ûijJJ Jljj (_5jA <ûl>i>J jLj<Ujjj<(J dj<ûjjj 
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4 j-J J û mij'i oj <(_Sdjjjlj<G (_jDj<l-uo<l1 

jû-tu G j Li <t_jjjÛ.OJ< lS ( <l£<UI jjjli Jj j. Ll) <LS<Ll<Li (jitj4 l 1< i uj^jljj. 
<LjU (jjjj ^'L . .ijU jj IJjljSjjljJ ((jjl^) (_Jdjla<Ll 4£ojjjlj<G (_JjJ 

j<L_j . jjj_S*J j I_a jj <LL_uojLi j O l_£ lj£<U<LÎ_ ûlL<U ** ^ A JJ * -J »** 

0 j_û<l i jl<Ajlj ...Ijj<u& <i £jj<LÎ (^jj utijj jl_.ii< S (_g<l ■ KjL jSj 

jk<u (djljr-^jdj ( Law stokes) JjlLuu <_£l_uuL<U) ûu m<u»j dj<LjLiajrû 


• <U<Ud^xut 


2AJg \t Mt 


.<LKl£jj<lj (jOjG 4jjj = l' 
.<i_i<i^<lLuli (_yaû J=r| 

■ <li<i^<iIi~i j<l^ jj<G jj^ jljjj (jjljUa=Ad 
. JjJjljj. <Ûjj<lSjJ (_^jJ (t) (jJjLxU <l£<l£ jj<U<Lj <Ll<Lujj<Li j4j=h 

KjJj»j L^ ,J U l: * = g 

• jlj%jL»J (_^JJ<LluuJuu JjLL; jf«tj jj »jrL^JŞ> (_^jjl^jA=k 

j U-'_4 I kKajIj uul jJ<LA JjIjrd4_1 jK< <j\d~ jj/>d A4< j._luljlj 

<t__jl£ tl JJjûj4 jjj (j£jJLlA< 1 I . 4_1<L& jl__ldjrG dj—û j4j__uujLi 

(^JjljjL-il j4_j (j4j_uujU j j-LulJ (X) (jdjdJ<LÛ j4—uu<U jl^djljj<l—iLi. 
• j—*jlJ (y) 3 j4—uu4j Oj j'i i mj'i IJjlj^jjLuJ (_^jj1^4—J<l£ 

I-u4 i4^ o-jjjj (AB) djila4j •■■!j 4 <41 jU jOLS jljjj 

jjj<t__a 0=t (_£jl£<t__l <I ' Ij<U .(}7 (j4__jjj) ûjljjjj Ij__j4j4jj 

j|j4_a <l£j_j. aj (jljJ jjjlJ (jlj ■ jjjlj-uuljJ<La <ddjljjU (_yjl^<tdjj<G 
j- ■"■ ■'- I J<td<LlG jlJ<U 4jjJjjj (j<ld<Li jlj<u jL< l£<lJuuu jLxd <ldjJ<G 
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ja j4_J (_yjtla.J I ip 110 J >~aj< (^_OjJ<d <LjI J»j<U O 1 n'llj (_yjlju. 

jlj4u (jjj.j4j_uuljli (_jd4u4£uj (jjjj<tu .Olil (jj<LuudjU. ji.j4Juuolj 
(jjj-ill jtuljlJ4Û Ojû. (jjL u.j4j 4 jj ( ji (jlj .dj4ujjjjdJ jj ^l jj 
<t_jjj juLuutu aj<t_l .oj<t_jjjjjj dLi ijj Jjû. Li (jjtu <jj j j (jdjr_j 

jLxt_SjjLa j<t_lû<G 4u.jL jjJ jljjj 4~ » 4 -«.. 4 <aj .... Jjllj 4Û4 j jj<tû 
JjûLu jj-J (_^4_u<tûjj<G (jdjruG (jj<t—ÛLaj<tû ^24_i jj j ‘ ■ <Guulj<U 

j]4 <d t . 4_UJJ (jjjj_uu 4 <4 4 . .. j |jdj_uj L0j<L=ûjjJ Jj jljj (jjjl jLi 
(J 4 <4 t 4Û4jljU ^'<1 1 < 4 .4 4 (jûjj<lu 4j4 *l ijjJaJ J<t_a 4Û4>jJ djuua j4j 

L T^Aê 

(jjjljjaj fi MIj A .4 Iuujjjj jLjjj (JjljG i Jjj jyjljJJ jj jLajÛjj 
(jjj—UJ jl£l_uu (jjljjlû (_gj4|4 1 <t_£ji<G (j4jU<t_S Jj4_JL<U jA < «j‘«4 < 
j<|_A<tû j.i>AAI 4-4.44 j4 "> >j4. j_j . djlj< ■■■!' djdjjj4_l jA <4 *> ' jdû 

.Oljj ^Uj4j IJ<tûdjljjG<U d4jjtuuSta. 

jAl- udj L (_yjl j_JJ 4 < Aj4 ~>, 'j< .a L ^<K.j4 (j_J_l l_U L 

L{ Û4_ijjjlj4j j4_*4j -<LJ_uujjjj d<tujjjlj4j 4uIj<lS . <U<lSöj jlÖjj 

. Qj JJu (»taj4_j O j4—J (jjl j_j»J j I a jdJ j Lû jû J jû. I—j 4 < .al~ 

(Jj^4u <tdo jjI ui û (absolute) i _ j G<i_j (_g4Û jL OL£L o uhjjjj 

0j4ûj4j4j 41 . .,4 .4 « (_^4 <4 . (_£Ojûj 4*î ■ ■■j L LÛ<t_J jûJ<t_l (j J—IJJ 
d<Luljil£ j4_a ^jJljûjj jjûlu 4Û4j4j<U jljûIuujjJ (j<LÖj^jlja. 

.(jjjj^jjLSdj jUJ^ doj (jjiljioJ 
j lû<t_1 <LÛOjjjlj<G (jd<LuG :<GLuuL Jjj 4—£ 0 j<Gjj^ iSG (_g4 jj 3ÛJ 

IjÛjûIjj4j jtû (yûlJJ l?ojI jjk* (Suspension) (jjlj_uuljJ<u j»j\j^Ê 

oJjj oJjj <LÛojljU (jLuûL .o 1 jÊJ J (.jûi 4 <4-LI.ij4_i (j_jj dLijjG 
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JjULj «*IK4 >4*^ d<L>j" Û ^'»" lj KöjU4_a. ()) :(7) ^4_jjj 

• (£jljUş. (£djb43 jjJ 

. jljLia. *JL>4J (J4^jjtU4j 4 ^Jj24£.jj4£ d<L> jj'i i~i )') :((_>) 

.-. .... .4 I f (4 <4 .*.j -«■ ) 4 < » « J d_)j 4<d~.~ .". .'. j£j|Jj_£ j^dj4_Jj4j4J 

lj4Sj_^. Q i o4-uû4j j j i'i'i >ifrj ljjjlj<L> G'LI 4^ji4j jlj4Jb jjJ I J4Sja. 

4_U4jj j jj4 Cd . jljj A j7,4 .~.'| J 1.4 Çj ... .Cj C 4—£jj4j jlj4 A J~‘4 ■■■ 

I J4_£djjjlj4j J— 1 L . jG4-J j 1^4 ^J*«4 * JJ A4 A Ijtg ^ .1^4 I . j-ÛLUdJ 

4 lla A J d JJJJJftJ (^j)jjS4 j4j 4^4jjjj _ûuj (_£4 j _u>jU jj_ iii l'iaJ 

■ d (^) (^JÛJ^LJ (j^JjjU^-S BC ^ I > tf>4*> i olj jj 0_>jj£dJ OB 4^4 j_u>Ij 
4_jlj4 .'.'■ G . . . iV...,v > 4_Sjj4_> 1 jJ4-£ 4_>4_> LS j4j tg . JJj dj4j ^yLJJj4u> 
4 jIj .dj4^djjjlj4j (jjlj^J jlj->jj4j (_Jj4j j4j 4J 4iKji4j j4j ljO = t 4J 
(jjjlj-jdJ) jU4—Jjj4j t?j4—J j4—J<K j 4_4 . j4—Sdjlj^ (JJJj >J—jjj 
jl£4_£jj4j4£ (J4 _jU j4_J J4_^4J ((jjj_JJJ 4*i lolj (_gj4>4 > (^il_u>lj4j 
(jl_u>L> (_gj4>4 > jrulj_jdJ . j-jlj j 1 » >'lJJ I>j4_jjj4j j4_IO (jj4_iL>*J 

. jjjlajj <Kji4j ^djûdjjj dj4Sijju> 
djûdj-lj jjJ (j4-£ji4j 4^djlj-u>ljj4A4^ jJj-^Jj*J jJ (j^JJ^JU. b 
(£djU4_a. IJdj-jl j_J jljLjş. jUiU4j_u>jb 4_3 Ij j_j lj_jj ^jljLja. 

(jlj . j. ... .<A,( jU4_u jjS J d JJ-U> 4^jj4j jj Lul4j 4^4j j4Jk J<J*»~.~ »*» 

4_j 4_>lj OB j LU jÊ»j jU4_u>jjJ 4Sjj4j *»"■". »*» (_gjK l >4>4^ jjjlj 
4__jIj4^ . j i7i > >J ji__u>ljjuÊ jK«K jj «» 4_£ji4j Jj_£ jl a»>b IJ uuj4j 
4_jlj4S .ajr~ ...Ij jjj j_>jJ4S (j_L>jjaj ji .«><«<*." .*?■ .*. OD i »*4*» ...Ij 

Jjb4_S jjJ 4__£ji4j ‘*l jjK > jjj—SdJ jj_J. 4^djjj_uui (J4 j _u>jb 

jj ? jjJ jK4j jIj-u>IjJ4j» (jjlj (Jbjij^Ê jjjjjijLsb jj jKdjljUa. 
LÖlj > j I u> »*« 4-j>ljj£ j4 j4 Ê Cl J j4<~ ...A,\ jU4_^4jjK t>4> (Jdj4 J 

'Aj4 *. i j< ‘»>j < ODE jOBC (j>KajU4__», jjJj4 A lJ(V) ^jj^ j4 i>4J 
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.<>jsLijJjJ_> K j\a ^4^4-i djrulub djr\Jdj_û cLxIÎ l£ 

g =9.8 m/ S 1 ^jal J 4 j^Jlu> ^4j 4jL a4-> 

n =o-ool n.s/m 2 

Ad =d (jruiUdJ) —d (jU) =2700-1000=1700 kg/m 2 
K=0.0002 jLiib h=0.1m 

(£djU<L^ IJdj_d A J A *<JJj jgjl^ I Iftd—> <t£<G daa. ^l£<l_aUi<L> 
•L-SdjljjU 4£jij_a. Aa,' (o 7) jj* 1 ** V ‘j j»jU<l^ j_S»j <<<<<*>" A.t*< 

^jajI <t<< -< <i< jd_£aj j*j .4—iIjjlj ^jljl ■-<- *jljj_s (£4_Sji<G j * jj4 a. 

‘j-J <t^dj-ajjaj < Ijft (£jlJjji_ui ^y^jjLi (o7) ^4-ijj Lg<^< >jl , 7 | J~> 

^£jj|jJdJ c| Jdj4-J Jj^v^v.tjj ^4_^4_»4j . £jjl J_ij ^_cu4_>4J Q jLûj4£ 

^JlA4_i_i_u Ij4j I-O j*4 .^4 i ^-Lu4j .6j4„ t 4^6jta4 *v4J ^Iu4_» ^Iu4-uû 

I (J Jta.«Lj j_jjjj»J jl^djjjO-^ 0_Sjj<G a n M I J~» jO_jjidJlJ 

. 4_J l£<Gji<G jjj<i A (j/.5 jIGjjjd L <i jji<G (j<i 0<L. j<t—i ■"• * ' 

1-2 l‘* (^_jjjj jtS<L_l (jjlaÛ4 î<Ll I J(tV) (J<Lj_>j<Ll OMq (J<t i7i<L>j<G 
1- (_ 5 ->i«Lj (Content) j^jj*jti OJj<L£dJ o*<udJ Ij(Y ) (jd jöj<G J)<l^<lI 
Lfdj-Jj j(jj_idJ (Y) (jdjd j<lG 2-3 (j-JUa dLçiU jiuj<(_j <(jjj_jjdJ 2 
(<<(-_> j^j— j j jjs j j ^jjj ■"..< ^jd<\<i .~>.dt (Content) j^JjJ jI—i (jJ4 ... 

.(jjjjddj^j j 1Ajj ljjjjJ<u> <Lub><L> (Content) ^Ajjjj L> <l>jj < ■"■ 
»jJ>i-«“ (8 (^4_ijj) (^jt^Ua. ( ^il < MJ~» (5»jCj<(-a. jyij j^l -> >JjJ jj 
J<( I ii«L| IJjIj£j jl—>J ( <JJIJ<L-S) ; iIxLxLl jLS<( Sjj<G (_Jd jG*J ■’■ 

4 ^j *» ^J l?J j—jj <(—Sjjdjti M) M/Ar jU<(-j j j it lJ (X) L? a j a j‘(—J 
j<l—i<(J (<l><l£<lö<(j (_ja>jGdj_G a jjj~- ■ ■■ jlj_jj (jjljl_ua. Ar j(fraction) 

.(jjjlJ (Y) (^djJj^ 
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j4-uu4J (F) l^4_£ ^j4-^dJ O-uidJ jl-ûOF GH ^<>jIj4_^. Ij_o1^j4j4J 

l jrLûu_LJ<>J I J_G ^jl^4_uujjJ 4 _£^j4j 4_£ ^_j_>jJdJ 4.J j4_J c4^<>jla4Ji. 
I J .in j 1£4 £jj_<_u 4_£jp4J jj^4-A4£ £jJjjj$J 4lî l£ j4j G^JIa, l \< Vt l<d 1 
OM G ^ ^4_j .OMq ^ 1 > A<L^j G 4_> 4 j 1_i_u^4_> MqMq ^ 1 >A4ajG ■ j <7i > >£J 

4... ,«7<4_> ^4.1 . m jl_> OM d I J. .. < v > >l^4J c 4__j 1£4^jj4j jjj4 _ û ^4j _ xjj j L> 

M b Mg j4_>4^4__uxtjjJ 4... <u4 > ^4 >■■ ,< tijb OM B c4. jlj4^ . 4 j4^4^jj.-j«> 


d t <J < <d i ■ i d >7> d i 


(_5jj<lJ<l> '.'jjj_lx> (_J_^ 4_£ajdj<Lijjjj <t_>jl£_LiA (_jjA<(__> jrjlj_GaJ 

jdGajU<u_i j<( ■ ■■ (_jjl_^ajl_> j d Jlj. (_jL_jjU (£<lGGI£ j<L- î ^jLjlj 

<Luûd_>dJ jl£<LSji<G (jajûajji (jjjljiaJ -1 ><<j"■ ■■ j^d... .<CjUdJ 


jl£a j*j<lG j<L-_u (intercept) <(_>_>jj jCS<i_j .aj<Lj_>jjjj Ij<l^<l-uujj3 

d4 *«jd*t.>j< <a( < .Ol Jajit _—lalxj j 1 <<d ■ *~■ d < jj >jd a ^ tK< < . ..jl * 

(_^*jUd_l (ji>l < 6 LG 5 <l_£ d<uaj - A.<( ■ jj._u>U_><L> jljj (^ajljjU<t—> 
(_jGj<Lu> (_gj j'i i mj~> (_g<( 'i io jG jL>iiG j j ij 0 ) jt^<(-> <(-^ajljjU a 'n >7>j'> 
<lG (jaj_> jGaj<U (jaij<t_ui j_>aj . aj<( 'i >', > aoJ jjj.t-LLi <iGajjjlj<G 
Jaj (jjjGaJ jjGj <(<ajj~ t'< (J<l1uijG .IjdGajdjJ jG.l.3G G*j<Loj<lI 

Q iJ t’l >>lJ (Jd ^jjdGdJ jljj (jajljjl J d ‘lj< ,7.1<t .(Jd <d_>_> GjGdJ 

.<ljI j_G (jjljLjta. (ja jG<ls j>jjd ^ j< 14 ■ jr>G d<t_û jj-^ I Ja jG<i_3<lI<l£ 

dGajlj__jljJd_4> j<lj<l& jLjjljGjk (J*jG*j_G<lG ^dGIGjidG jdG (^*jGj 
‘jlj^jL-JJ (jG->j ji .| |<L> ( 1 2<LJ jlJ-iljjGdJ (jljJJjd—> j4_^aj O-uujjJ 
(jG.j4_a<L> (jûutidj_>4_> j_>j_>j_>ajJ<LS ((J4_iljLa) (J<LiGl£ jd_j *jd_>j<L><(J 
J_j d <Ajd\ >j< .al~ J> ts<l_<> UG<L><L> d<d~ ■ “G aJdjIGjj Ij<LÎ (JjIjGjjÛ j 
(j4 * . ..jl < i (j~. *<Q .) jj * ■'■'■.. (j<( * . ..jl. (<(^j ■<■(■) Ot_£ :ajaj<t_S.j 
(_jJ4jui (_Jdjlj4j) M jljJ jGudid-j (_j41uijG t((jJ<Lui (_Jdjlj4j) j jl i nj'l 
(Jj__> j(jj<(__a<(_>) jl£<L_Sji<G (JdjGdj—li jQ^Jj" ■~‘*‘dt ...jlt Jja4 4> 

.M/Ar 
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jjLli ^jlJj£d_l <lJU (Colloid chemistry) <t—L »«»< 

s j'LLiJjia J j_]d_& IjûL$-i.(,JJ-iJ ^£<til£jj<ij j4j ^ jj■"■' 1 


<£j>a» cyj*-ij j<j 9>jl^ûS^ j£jjj<U diljljji j»«tj 

j" 1 « <l<d lA^JJ j *J * jl<d l^£ * * j d <d I J L_Jj ^JJjd_ 


C>j4.j IjjI$4JLlm<U j LS <UiJj <lUjj<Lj d_i jfiLjl j j-U j<Lj) jLiJjIJ_fi-uIj,-dj& 
j(|jj-j jj^fiUfiLLCifiLl jl£<LLii djjJ jjdjfiLijjjjitj) jL£<L^jljj<ii ‘(djfiljjdJ 
t>jd_LJj^t> J ( 1Jj d_l d_J Sj ^ d_Sjjd_l j b dJLuû djjJ jjjjljdUilIjJfiLA) J<L| 
jl—JjdJ jjj ^lj—Jj j^jjljrfi—fii jjûjljru-^ jrfi—<i jd—jjj lj_iû—uiljdJ 
Jlj ■ . ■ IJ td A ^<d »>jtj*< jd &4j jj Jj LSd__l - d Ajd A fi -~~‘d 'd C 


Jjj (jid— iSJjLj J fi jjfiL^j LuûiLjfiG jujjjjd_J IJjL j<U Jjj ^y^d-JdjljjlA 
. jlfiLaljdJj<L> ^idjdjdi dJ^fit-1 j Ljdjj_ş.j djjjdj : jrjjjöJ jjjk jJjui j<Lui 
J<U djdjjja jjljJ Ojdjjj j jK~ij‘i ^jiljjöjjj jUuadjdj <LjdJjljJ j»dj 
Vajd—jjjJdJ dL-jj jj_a. <t_jjljj dUjfi>- jd_L . Ijjjlj djd iii ijdj ^jlid—i 
j<Lj lj£ ÛLu jfiL-AdJ .(jjfiUaJ jLjjd iii djjd_S fid<j\j"d< ^ jjljl j 

■ jd iii d__i_ijj«>J ■"j * a «>j«>jLj ^jLj>Jjd_2 jd_j^dJ d_jt>jj<LS d_Sjjd_i 

Ljût>jjd_A j jjfiL^aJ Ud-jjfiLi IjjUjj. jlifiU jjjj j LSt>j Lj ajjfitj d_j.j j >_ 
jJ <td iTid I <d_i JjjdU d ^d d j\d i jd_ij<L>dJ ■ jjd_St>J j" 1 d CjC jLfii t jd_l 
d <d <j~td" IjjjLj j»d_l .jjjd—^JJjfiU jJjLj (_£ Jjd_^ jLjjjJj >jfiL_£fil_l <J 

j_Jt>jLd_S ^SjidjdJ ^d < fij\ fiLjfijjjfiG (_jSjLjd_S fi'l ijLj j»^d_j . jJj^tlJ 

.d j jjuû j t fi^jj j ^SJ J<J" ...j jJ<LA I jd__J . 0 j I j ^jl LjsJ jd < 

^yjfiLj fijdj J jSJSJ Ijd <d <jJfiLÎdj j LlJ j. jl.J ^JjfiL^ fil> lll II *jd_jdj^dJ 
d <d<j*»d~ IJ__oLjjdjdJ . jSJSJ Ij—JJ (jj-j. jl—J (_£ Jjd—^ SJjLj SjSj_j 
d_, j jd_fijj_.fi. L J<L_> .d—fijfiLadjd-A j j»l jSJjd_> (jfiLUdi d jlş. ^2d_J j_Jjfi^SJ 
jjjjSJ IjjjLiijj (jiUsjl jLls. SjljfiLSdJ jlj (jiljsJjfiL^ (_gdj jj jjjidjlJ 
(fluctuation) sjd j|jjjd_d<L4i jd j . jd jl JjjdjJdJt Jjj.1 j jljj Ê 
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(jsjl jLa (_yil£<Ujidj (jijjj_ubidjlJ (jsjljd_v sjLSLta. :(7) (j<Ljjj 

. SjljfiLS cLuidJ (JSjjjSfiU filjljj 

■ d<d iVidj jjdjLj d • •• *<d * dj I i*»<d * Ud * *J ijfii *<M jd_Jt (Jjd—> jjj 

^yjfiLiSjLd_i. (jsjjuiidj jLjd IM |‘>^ <i< ‘filO'i ■ "lj A Jl~‘ dULj. jdûdj 

(jlJJJfiUldjlJ (JjLjLfiS. (jj.jjlJJ jji IJd-J jrûdfijfiL^J Sjd_jd_>dj fi»l V | I JfijjJ 

.“t-i jdjsJ .“t....>,l | Jjl^di iidJdJ jlaj Ljdj j idj 
IJdjsjlj-fituiljJcLAdJ d_Ujjdj !je> jbd_J j Ljd—j (J_iljj (jllJ—JSJ Lj.j...Li 
^< ta Ij< . Jjj jLaSjdiJj< ii"i d*<" ■ <~< 1 <d... t'td I Ujjdj ^fiuuLj ■ jjjj 
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j 2>j _'j .»1 .?■j4j JJ-l •"■J* 1 1 l 'dM j<— 1 .Ol 

jLûIS jjj<lS <l£jj4j (^.ooiL tljDjj4_Lo4j . IJ4_& jLj jJjJ i ty il£<L^jL<U 

. Jj£ jLajl^>Jj<L^ ^ioL jLLL. . jIJJ (^^jljjLfc LS-lS jj<j j^ >j jj£ 

J_^Jj c4. 1 i jjajLjjLa j Lû t£>j lj<LJ 4 S jjdSj lj ( j4£jj<Li ^jjoiLL Lim i j 
ji>jj<L^ <Liljj<l^ j<U JLjj jlJ*t4~L LÛ4 j jljjl£djL<LÎ4.£ (£<ûlSji<û j4j 
< ‘*« •"■ j4<*.'~ ■■■ jjJ j.j jj*jl jjS <Ljl jj<LS 4_£ji<û j<Lj jLa ijSjI <(jj 
jjjjl j-jJJ (jidj4—J :Cu4 —£j JJl—aL (3-4 (j>jlj£-^ 4 j4_IIj 4J 4_uj jlj_^ 
(rosin) jl_S ^ Vij~ilj ^4_£ ^ .jjjj ^l Vi 4. j d<L_>4^jj jj4_^<u 

4 >djljrç£ (»4_l l_a>, <‘< Aj 4£ jLjjiL jdj4_jj jjj IJj 4 jû (J_jj4_j<J 

jjjilj (J J_> Jjj£ (_£*j4_jlJJ jL<l_S.j j j»i> jjJ .dj4jjJJJ IJjlj |‘I |LI.' j<l><lI 
jj4 ai (j>j La jj 4_><lj>jljrç^ ^ijûîîj£ I aûij jlJjij_^ (jj L<U 4 >(III) 


‘*| V ‘<4 Ijj. 

(J-Ûjjj ^djljr^^j-iJjijj dJjj dJjj jL<t_^jj j4( )j • ■> clj_uûj£<U 


Ijjjjj o j ‘ • “*"j « (_g J >jl ‘ •■■ jj uL (_jdjl jrj<Ll d(III) j-uiL (j JjjjJj 

(^4-idjljrç^ 4 >4^ >j j-uoj<U ‘’l *<4 . j4_A4j cj»ljdJj4_> '< ■" J 4 S 4 J 

^gji loU III' ty jl_uiL4j (JjjlJ.j>j .(Jj_^4>J »j|_aL jlj* ‘~c- ‘ S j>j (_fJLa 
C-L>jL >jjjJ < Y ‘< ■ " 4j »a4~...lJ (jftjljrç^ daj4j jla 4jljljrç^ j4j<lS 
^(j|J4-Sjjj) (^4 -^jS (^ijJJ (j4ijj<Lj> <Lljlj^ j<L (^<L>jl j<Luo dj4Ûj 
(jij<La ^jjL^xLxlI <l jIjLci>jdjJ j4-j .CioaJdJ JjJ djjjj (tnrbid cones) 

.j_»J lj_xL> 4_£djljrç£ jLi ^~‘l<4 c c I n 4_Sjj4j (J jJ>4_) (»1 III I~i (j4_jjjj 
jjj jl<4 »*. 4a*j 1111111 c jrçjJL Jj4_j j_ii>J »cjjJ<L^>JJ>J jLajj >j>j 4_1 
dLjjl^ (jiuj4_j <LLuojjjj jjj jQjl^<LL»iijdj (jdjljjdJ tfjLilj j jjiL 
.Cj_><l£>J 4~-L ,jj jjj jjicL >j4 ~> >4<>J dL Çii*ijjooj jjlj <L> jjj jj 

u-S’Lgjj ^UcoJ' 


<**« mA.i | JjJ jl J > >4-J dLjJjl£ 

‘Liljj^ L£dLj jjj (j^Jj^jLL . jjj_ij i»j4-S j-JûJ O-Jj^J 
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4 <j *‘4 * (^jjj jL < ~^ c ‘ (_^4__>>j Laj4j 4 < 4 «4 a | J4jLa<Li jjoJojo j4j 

'*“'<" jl_j (jJj4_S jLj 1 1>4 I jL_> (^4_>i>jjj C>4_jL<G<id >jIj_jIj 
(JjJ>J S J4 <d tM jjj 4_A 4 14^ jl_j (jjJ j4_£ u « ‘4 * cljjLj d *||‘ *‘4 4>4 * 
(jjlS>Jj4_S (_jlj_jû. JjdL> 4jl I Ii<4j j I2«_>i( JJJ<LA<U j>J>J d<U4Ûjj<G 

• CloojIj jV ^4_iljj4^ j4_J (jljJ^4d »JjL»j 4-£<l£ji4j (jJ<^ ^<U jL 

d ‘~l< (jo>J j4_j 4 ujidjL a 4 £> jL 4__>4o& Ij ^jt-a. ‘I J-jLj£<U 

4 <4 <j~‘4~* (Jj J>J (JJ (__> (^jl^öJj4 < (^j l^4__> Ijjd J j l<4 . .1 cd .4 < 
(j-^jd ‘(_j-cojjJ jtjj4_ja<G (_ y £jjl£j_uja.4j IJ>j4ÛJj£j3Û<U . jjljLja. 
(J.^j> j <t£ij^) :>J<L>I J (jJ2> J >J<li Jj£jrU djjjj (jl Jj V 4 j 1 1 » jlfllllL 

(j_j>j 4__a^>j j4_j jl—aj^jj ((reflected) o j<jj a. j4joj Ij_jj4J L_>j>j 

(J4 <d '1 I |7| 4 <~.AJ jjui, 4_j| j4^ . j_j 1 |‘* jrÛ4—S.JJ>J (^4<l~ ...j/clo 
d<Lo4Ûji<û j4_> c‘l >n l*i4‘s jûlj>J joxL^ jja4 ti V>j4_jjjJ>j£_J jljooiL 

* ‘4 1 ,(jj| J -jd < ^ LJ J(jjj._a>J A j 4 <4 <J *‘4 * j 4 cMd* ~'c c j4 <A.' 

.(scattered) >j4_öjj>j jij4_> 4_£4£jj<L> (^jj>4_j 4_S<uSL jjj L) ‘i'i »»<u 
(joi j<l> (^oo>L<l£ IjjjtlJ ^û<l>4 i7i ><jl4> (Rayleigh) (jiL>lj j >K*> >*> ^LIj 

Aj4<4 ■ .. .<jl A4 I ,C>t£>J >J<L>I<4 lj<-c ‘ 4Ûji<û (jj^<L> dclJCl û (J>J<L>JJJ 

(3<L^4j 4_>>jjJj L> <ÛIj4 -J ‘ ‘ 4_S>JJJ (JOIj<L> 4 < .?■ *. c~4 < (j J<t2> JJ>J 

j4—J j4_joi 4_Ûjj 4^>J (J4£— C ijj j4__j Jjj4_jÎi Jj—ijj (£jlj-a. (^ilj—J 
I Jjlj '»J» (^< ‘4 «4 * j* ■"■ J ^ ‘4 .~‘J4 *»*J ^< ■ oi » « 4 ‘4 <J*‘4 * 

jJj>j ^< 10 UJ 4 J j* ‘4 </Sj4 *‘JJ * *~‘j4 « >j4_Jj4j 4J »4_jjjS j Lû l£<U jj4 1*11 

• >jjLj jjooi 

(jJjj4_S (jj4_S>JJ>J IJ V>j<û l£>Jaolj<L> Jjû. (jjjicjj d<Lj<ldjj<Û g 
. j_> Ij<L_4> (_Jj-a. (fluctuation) (_jj<L_>l J jj<L_U<L* (JJA‘ LJ 4_il£ji<û j4_j 
jL-j jjLoa. c I jlj4—><U jl—S (jil^>Jj4—£ (_yiL_£>jjj jL>^4_j 4*i m jL<U 
Jljj Jj^L> Ci lû>J j»4_S jLujaa. ljlj<LA jL (^jaj ,j<L3»jL djjj<LA<U 
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■com 













1 


dj4J dj4j—'D 

JO-£i>jjJ lCuU jJ O'Jj-S d l£ ■ •■ ‘~ JjJiLCû (£jjjJlû 4Û (_£J<lI*Jjdj 

JJj d • “ ^ *J « tl id t *"j d * tA J ^^ ■.. t i .t>jd_JjtUdJ . j _ lt>J j_l 1 ijj 

J A - jjj-a-* »jûl — uj J J d j Jj J “ I (Jd ‘î ajj I» J«G»J 

:Oj< ~i 11 ûji jru <d»jD<U& j<U<Ll J■ -A. Id *j-L 
^ <■ Jj jlj > > ’> |4 uij4jaj jj<l i ii ^ < (JjA<Lj 4£djlj<Lb j<Li<Ll 

. .. V i ■ ^_^jdj ^j<L^ (jbjj j<u<(J jjj<d j»a<u Q i ioJ (^djlS Q~ii <i i i 
Jj-" J-Jj JjJ-uu jjû-öjj ^dj^Uui (jd<UO jj ,7 ,<U <L^Ujj <(_S djljjS<Lj 
(_J* * /i *< (^LluL j»<(_£<U I J_»<Lîii>J j jj (J0J4 I <11 (jljQj<t iii<L| . Jj<L-il J JJ 

<u<i~i mMj j<lj (photo chemistry) ^lûjj <j Lus.jS »j<uljjjJ ^lû jjj 
j . jûjdJdjjL& Ajd ■■<!’■ jjj jj<u<d d>j<LLjJj£»j <ûl m i£ <ûl jjÊ j<U 

j<Lj (J jJliL Ljj<G jl<J *■!*«■< <td.jJjl£ 'd ilj< .T.l‘i j jjjj jl j<û <ULuuLl 
jt?<Li . jjjjdjuL a :C i > —jJJ »j<UiI£»JJU j<Lj *i<U ( J <Ui.ijri jj) (£4_>dLiJJJ 
SJ-A <Ui_uû jlJJ_J < »< ■ •■ u JJJ<LA <LjIj *<Ui<U<U& *j<Lj Jj<ûlj<La-LJ<U 

j»j<L^ jj (jjl£Luu<u jjjljjjj duiuj (jdjj <l jj~i., ilj<U djljl^ (jilJjjj 

<Ui<L& ^jdlû jjj ‘I ‘a ■< (Jjû j<UL ujL> Jj &-i i_3,j<L«u <d*JjLa ^iJj£ 

<<ûLuL i.iû <d ■ - ■" (jjl *-■ >< (jj4 S»jlS : jj<u_^dJ u g ‘~ (_yjt ,,,tj<u 

jj J&ijÊ. Ö ‘~ j<U<ûljJ (j»jLa j4^4^ iiiu ‘j ‘~ j<L2<U <UdjjjjtA 

(jijjj j<u :oÛJ*J4£ IjIIj (Einstein) djd( jjHijuj<û) j<uti<U jljLuulj 
‘I ujS < V ‘tjLS ju OlJdJ jlub Jj<lÛ <J<U LÛ4j jljja ( < V ‘a4Ûjlj£) 

4-d<U . (jjjaj_j jl£ajj<u^ (^J-A j-Sdj jl£<u«4jjlj£ (^djLaj (jjjlj_SdJ 

jlj 'llftlJ ( 10 x6.02) jj4_Ijlj£ J|j-a d<U<U <ûL_u£<U<d 0<Lulj ^d<U 
(jjjlj-jJJ coj4 |~| 11 (j4dL_uuLl *«l‘‘‘*jl<J ■<< ■ . jjfi ,V,~i<Û d4_l IjjjLû 

400 (^4^<LUjj<Uui (£j—JjJ 4£ d M i ji (Jjljj—a (^ûjjLi__iiû<û S»jj 

d4u S»jj jja /(£jjll£ jJL»£ 71 <ûl£dJ<d <jj£j uiLuu*. (jj ji<Lajjû 
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jjjlj_ilj (jidjj (^j-J (jil-ddjji. clj_Ööj<û J|4_^4j ■ <LÛt^4JJ I j nj^ 
j Lsi j Kd . .1 . a .< <l£.jJjI£ jûljiaj ■*! ■ d l-i Û .<*l iii I~i jbjj jû* j 
(_jÛ4_iLi aji jÛ4_4) (jû.jjjj <LÎ,jû. J~i4~l4^ Jj4Ûuj jû. jru VOIJj 
j jû. ^< ... ■" ^_aj<td<U Oiii4> j ~‘ i<La_U<Ut jû<LA j<U<U Ojû. jQn 
^j-löjl-3 < ~. *|J (^ûJJ—I O 11)Jjj (_yjl —A j<<!< ...‘~ LÛ4_J J i~i-i 4—<<û 
(jL£ c<LÛ jjÛj j_i Jjljûlj (jiöjljjS j<û (_^<ûl j<L^j_i .OljJ l '~ ■ ■■ ‘ ‘<i 1 
4_ljj (jlL_ûJjj4J LAöJj 4_A . IJjÛ4_A j4_i 4J <dj4_l j J—i. (JöJ<LÛ jjj 

•<<~J (^i* jaj<i (^-SÛjIJj.S d i7 i j“i Jj< < *jl< (^jj64_i jl<4 laljj<û 

‘*l ■"■ ■*■ j ju. 4‘*i<<)»>1 »1« »< <i< ■ IjI< (_^jûj.jLti jjjLûLi di"i i~i <ûl j4£ 
(^ju Jj<LÛ jjaJ IJLjJj 4 idu4j ^OldaJ jjj£.jjjLS IjJJjLa (J4 <4 l 


(£jdjj-l4_l <*l 11)41 jd<U<U3-jlj JIJ *« “ ^< ■ ■■ ‘~<I< 

4_1 j <’■ _ I 1J j <‘_a :ol_£»j jrudlj ji<a ... <~ i*‘<j A jji< <Ujj<L_uû (scale) 

4 ll JJ<La (»<LÛ (jûL^L^. 4 I »4 j <La jjc 111 ^~l<û 8000 j£djI—J 4-000 

(^uaû (_JdJJ_ö<U jO_JjSdJ j_j ^j-djJJ dj4_Sjju (£jl_a. (5jA4_J 


Jj —JjJ J <&—uûjj j4__J <U_jjj-aû j__j . j . ~IJ)J »J jljl J> i-^—idj 

(öjj4_a jjl. ~l 400) jL j4j jjc_in^~l<û 4000 (^4*^4 iljj4, «» 

(^Luuî Ij < V ‘~I<<I I cajj4 11 ) £jj 4 a jjû 530 (Jdj4—j c4jj<L-uij<Ûj 

(^J<lSjj (jJui (^Ûjjj c Jj.i<Lajjlj 600 (_£4Û4jJ jj<UÎ, (JjJjJ jjj-uu 

.<G.<i i*4 ^^o4_A 

dbjLjiuJ j_£«>j Jjj<L*Io J d<û J.J&J diu ,Ci 

■ jj£j J)4_^<U (jjLIiaj < jjûjj Jj^Lj (j»<uûlj£) jj (jjûjdJ jûjj4d 
dûûjj Jjj<ui JjÎj^ Jj^L j 4J dj<U j(E) jlSdjj »jj jljûi (^jidjj<u 

: <ua j j -*. a<i i 


E= hn=h c/A 
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27 _ 

.<dju. .<û'jjj 10 x 6.62 4 f 4 f 


■com 














4 ijjljj j4__j .4__><Ub jU<ûlj4 ajj J j ‘l jl£<l__jj jCSJ<(j 


(_^jj»j<(_> j^£<t_> (£<GI j4_^j_> (j 4 l ■ ,.l jLj<l> jl£<i_jjj!CS.J<tj<iS Oljojjl ■ - 

dL>Jj 4 _S j 4 _> jjj <<<>4 "MjOC .aj<û_>jj ,naj Ij,_jLjjl^djdjdi 

j_jljjj (^4 ji“>I<a ' < . Ijl< jjj'£J<l_j d<L_> J<L_S<LJ (Jj<* £oJ 

(ja jL<l) ijjjj<t.j Jjjj ^>^j4—> <L>Ij»j jL d-Sdi jjiSJdj Ij_»LL>4 .j<lJ 

^JjJ* J<L_> 4 < J '*jj‘< l<j (_gaJ<*jljJ ■■■ ^j4~ tJiljlj ' I '4 •'l.'jl. Jd_J 

(^Jjjdj jljjiU (^jL <Gj^.dJ <t£djjd^ Jt?jj^li IJJd£»j»jdi 

j^jd-jdJ IjjjLj (KtJ jlS<t_ijj\SJ<ti .j ji<t_^.j<U 6 .(Singlet) (£jL> dLj 
jl jCi^ d.—j) (Pair) jjj j j . jLil£<t—iljJL ^—^<tS jlJjljl—ja. 

c ^<t_>jjLo j_> j_iljjL <u£*jj<tS . ( ojL j<L> (j<tilj<t_^j-> (j<tS<tl_uuljli 

8 _ 

4<J ->■ 10 (£djlod__l .*j<t jjjlt > |jjljj__iu (JjLd_I j__>jj 

(J Jjd___ilj<t£ jl<4 <J*> 4 <j4 . j_j A j4 *« »j4 < N ' j l<4 **JJ*< '4 g « 

IjJd^dJ (^lijjj (^d-IiljS (£dj<LilJ jt^<Loji <t^jdj jj jt£dijj£JdJ 
J«L._> . Jj<t*> > < njJjJj (^Jj<L_j j_£jj ûl-S»J d_£4>JjL>dJ l j»L.L ~« ■»' ' 

(^JL_uL><l><l£ (Fluorescence) jjjj-li (jjJjdJ (,-jj <L->»j<tilJ ^tijjj 
Jj<Lj_L> cr JL>j<tJ (^JjljruS jlj Jj<t_^_> jj<t_u> ^<4 «V4< Lj' '** ' ?«j4 ’" 

(Jjd_C. L JjL. t_> (JjJjÎ. (J jjJ><tj <l£*jIjj£ 1 •>-*■ **« j_>JJ jj<t_uu <tSdjlj\£ 

j__j (£jjd_Ljj£jj)ti <4 >jjj jjL. I_> d.jwi .1 J jd_> . jjjJI _u jij 4 L_> 

I J<tSdj Lxjd_> 4 < .?. ."4 1 «LiJJJ jd > Jjd_i_> d_£dJL£jjji£ Ojlj\S<tJ 

((jj_L> d _jlj^S (jjjd <11 * J<u_uûjidj<tJ j<t_^<t!> jl—j) (reflected) 

■^jj ~\ . Jjd > > >~ijJjJJJ jjj «■■ d_£djlj\£d£ LJ>__> JJJJ Jjd—i jJJj<Lu> 
jl_> d_S<L>jjCD<tjd.S d_>dj<tj (jluJ<t_i d_><U6 jljl >~L (Jj_j ^iL'.jljJ_ilj> 

JiZSjJ— (jS><t_S<tiljJtj (j d~i 1 > 1 1jL jjj<t_j djj ( jSj^ jd—j j—> OIjjj 
( jLd.il > 111) <tjljjjL_<j> (£jL<t_l<t£ Ot_£jJ ç>,«»jjJ jj^_ta.L> (^£_>Jj<l^ 
. jjjj d<tj<t^ija. ji<u. *jj<tS (»<tj (^jdudi t(Triplet) 
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800 (J4 < «j*<4 < j^4 <4 ■ ■ I j .4 .7. (^j_JjJ<tS Jj (^ uui jjti ■ “~<4 L 

■4Jju» /(£jjJl£ jJL£ 36 (^ljjU (jj ji<L«jiti 

j4_J>dJ ‘i'öljjjJJJ t djJjd—^ d_û Ljj ^LLjjj ^<‘«4 T.lljS<tS 

jd_j jjljLudJ Jj<tS<L><U Jjdit^dijjSJdj (^jAdj jLdJjJj<t2 .1 J^jJ j<tS 

(9) (^dijj . jlJ jt£*jl jljju 4 < «~‘jjt<j<tj <t^jd_> dJ diljjj&JdJ 



. Ijdjjtd 

<Lj<U (jijj&Jd-j jlj-a. djJjd-^ j_ilJ (^lj <Jjd_j (^djdÛJj^ijjj j_> 
d_ijjîD<L jljo. jdj '4 «l.'j_< v <^. (^jLdJ <tS*Jj<t^ d£ .jlj^jdj jljJudJd^ 
<UjI Jjj ^yjjjiSJd-j jjJ (Shell) d »<j4 ■ j<LU jl Jd_£<tojj d_Sj<U Jjjjdd 
jI «~.l<41 .,.l j L<L jjlIjjjt ■ •■ <*< jryd__> j«4 ~‘jj< 14‘‘ JJ > jşjj4 

(Spin) (^iljjLd—^ <L_^<L>djdj (jI !>L (jidjd—j d__> (_£dilj4 -L. .4 . 
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jaj^dJjS i9 Lj i _ J d4_j ijjj jLj *jJ_^j o ui<ia iajjJ *** ^gj i in^jjrvj 
j_ i Oj'Ld J OL^Ij) (bright) jJûd_j _ Oj'.î jO jj<l_Li j_£<l>jjj 

(ya.4j_uidJ <( 0 . 1.mu j«_xji 4 ~ *j«£«j j <j*. »-«.jj ' .i a _ui£jj\j 

LCî-^J* L?j^ ^jOjdJ 

2 H 2 O 2 + hu -► 2 H 2 O+ O 2 

(OISjj dui*" j^ jj ajLLj=hV) 

J 1 o ulJJ J l nl^Jj J_1 lo ^ _jlJJ * * 111 Jj J4-J — ' ij L * j * 

— :Ot£»J 

H 2 0 2 + hu -► 2H0’ 

jS 1« 1 O Idljj4_J jr^ijjj—lU (_g J 1 I uSjjy (j Jjd_Si 1 **“» j j4ufc d ■ " Û 
djj4_£) J-jj (_g J *»jj* >11" . ■■ ij< j4_ui d_j_ijO.*J ‘*l ■ •■ »*» ^j4jjlj^4d 

(jjjLA ti <j . .1 jJ4j jjjJLlu J_LJjjJ j*_i4_u.jj (_£j_>j ^yj jjL l4_l O—iJ 

4_Sajjj jjjjjl—j j jj_ij4 iajjaJ 4_dajju>jjj ^jijjL j 4__! djjjj^J4 j 

O < 11 Jjj o ■ Ii4jj4jji ^ *■ ■ -L jII A jj_lj (jljild Ij_al^i4j4j .aj4jjjjjuaj 


2AgBr+ hu - ► 2Ag+ Br 2 

j4_j 4djj-ja. ^yjjJ-jj (Jj jja4_l 4 <1lJ L j4_j«d 4 ■ jlj_S ^jd.jJ Ld 
■lj—^Jjlj t^^JJJj4—I 4__jjiljlijjji (jjjj^^—jjj ^4 ll a-jj 4 1jl jt£ 
^djljrL^ jlj dj4_^J j»jj_uiOjj (JJ-tajjJ Jji.L O i1iJ> ^jj. ^djlj^ 
^djjji4j 4-dajjj ^OxajjJ (_gj j'i i mj'i .djiljj4_j jtj tfj-jj ^j-jljûj 
^ < >JJJj4_J JdJdj4_^J jlO I jOj J j’L ^< .j4 f t< jj . ..4 . dj«_J ^ < > *> > ~»- 

(_^j4_cl£ 4_l«£ (Stencil) djJi ■■■*. v .j... n ■ ..V. .ajaj4_L> ^< ■+j Ij < .ji~ 

(j»l j> < l' I ) 4 ^ 4 j4 lj^jjjj 4 —aj4j j4 Ui 4j (^jlj ll iiijjJ (jûaj 

(4 ** * (J .jt<J . j 1 JIJ< > ' ■ ■ Jj J (jûdJ (_jj d f t<J I »*l4 .4 *. .j . 4<d I uUJ-i-uU 

■j-jjlJ ^ljjjj j4j«J 4^4jilj^j»jj <L^j4j Lajjj 


4_Sj4j jj aj4_jjj4^aj 4_£4jjjL£j4j .4j4jj_jL *~‘4 -*- j4_J (jljJ (L^4_i 

O-JjJjaJ (jjj4_S aj4j|Jaj£ iiuî 4 _SaJj 4 ^ I j_ 3 L jj 4 J 4 j j4.d4.a4d ajj 

4_ddJJla4d OlJaJjjj ■*! '■"!< jjjj_li .(phosphorescence) (jjjji, . nji 
4_S4jjjjV d .ii **» (j Ijj jjjji . nji 1 '<■*>! <41 .j4_wi 4 *;». 1 j 4. ^ 


d4j4djja- '*»4 a 4 « jV.d<4< ... >**> ^ajL jlj4j-u jjOjjjV (^IjJ jOIJaJjjj 

.j.jdJ jjljdJj4j jjjjjjaJ j4A 

jj4jji jji 1 jji4£ d4_iajl j*Ê (jiJjdajLalj j4uj.a. iJajjJ 
1 0 * 4 < . (J 4 S 1 J 4jljl jjLa (L4j (_jjIj4j4j “ajlj< ■ ■■!. jjj^jj ^4jfcj4j 

i»ij—^ 0.4 j^jjj j 1 11 ^jîijj^j—d j»ij—^ 0.5 jj^_oijaj j»ij_^ 
j 111111 a 0.5 1 *»»* jS« <~i ^ 1 j-d 0.3 jjjdjd (L 1 j-d 3 jj■ iS 1 jj-j 

jj 4_l4j4S lj j»4_J .4 *> 1 IJj4_u4j ^jj-ajj (jilj\jj (_j/.5 (_^ajlj^ddJ 

IJjJ4 <11 (_^4 Lj 900 — 800 (j-aj4_S> (_^4 Lj 4J d4_JjA. 1 5 (jajl a 

j4—I ajja4—S jjj ji m ji j jjjj—Li ^ajj 4jL ij l—uiL j .4-jjj j ■ . 1 1 
4_! jjjj4_i j4 < 4 c * .4_jjjjj j_> .4_£aJjLa j4 i.i 4_j.jjii.aJ (_^4_lajj 

(_Jjj4_a jl lj 254 jjj4 1 Î 1 (_jj_jjj < j< uuj ljjJ4 .111 (_^4_Ll 200 

aj4__jl JaJ IJj4 1 nij4jaj jjj4 111 j)4 -V.jU4j jjjjdLi . j4__wj4_jJj_aj 

(_£j__» jj I ' < V .**'I<4 I ajj4_ajjtj 290 J^4<4 . . Ij .4 .7. ^j__»JJ 4 S 

. aJj4_a jj lj 340 (_g4d4 jjJj j 111 jj (J jj4_Ö 

^< ■ ■■ *. 4 <a a4j .......a < Jj_d ju l_> jLad_jljl Jj£ j4 ~> I * ...»*» I_û 

d uLS jii4Saj4jlj4d j(^4^4 jj tjaj4_ui djL aj4jjj4^aJ jj4-u> 4ijjdaj 
aj4< i~,~i i*i (^-a4_jjlj£ (jjjb4j (j4iljjtA j4j ^24j .Q i*i4jL iaJ (d4jajla) 

jLja_LiJj4^ jIj._j (jil^4_jj£ aj-j4a4d jjaj_jaj4j j_Oaj OlJaJjjj 

j OaJ ij_j (' f £4-jtjl j4j ■**'I < > Q mjjJ ajl_j (j jOi4j j j *> >< ■ .■ »< »" 
(_jaj4jlji_j-uljd IJaj—lJ «l .» .< ^< ■ 1 jl_j (jj__a 4 ~ ... j.jaj_jaj4j 
djtjjjJ (^jUiaj4-ui (^jcljji Lj4j ajj (_jjj4j ^Sjlii itj jj djjjjtiJ^j 

»4 < _Ojjj 4 ‘4<4 .*.jjT<a 14». (^-a4j,_uu-ul JJ »4 a (jaj4_jljjtjjj 
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jjj.L-, (starch) 4 i j-£e>j 4_jI jjjuS ji (CH 2 0 )n 

_ jJ jj JJj Jj'' _ j j-*u uuSjj j4 <« (^jJ^aj «" <ju4j jj 1 1 1 1 i'i 

jg j ' t«i S jj 4_j|JJ J<Ll j_uj<Lj*JjJ*J Jj -<j c » 

.CJI £ jj j <J< ■ Ij 1 < ^jjl ' Lj jj OjO jIj 4_1 14 i 04 >lj 

1JJJ uu 1 j4j .Jj IjSj' 1 “lj *j — • '<jl a a j*j4 .".)<jIa 

^yiLSöjl JJj4_uu l?j!j4_j4j l~i '<iVi Lj JdjjJLj j-ijjlJj^ jjl^JJ4j_Öjj 
^4_fclijS j4__j :Oljaj jjj £j_ij3 JJJ4_j jjl o^juj .» jj • jjljjlj4_j 
j4 'II 4_S ISL 4—iljjj ^O-ÛLjS j4—j JJJ j4 'II 4_jlS»J 4_iU~i n 



juilj^jijS (j-aJLii jSj j-a (JjU. <_y^J4j4ji djUluu<U :(10) L?4ÛJJ 

•jjj JfJU 

d j4__luSL jjj (_gjA4_i Ij_ j4^4j LjSd_1 jlO ulxu£ d < Y .IjI< 

4 jt£ (light reactions) (jl^4_ijJjl£ 4_ ULjjj) jajaj jjj 
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jûj4_j»( 4 ~«- j4j j4 «i>4 I 4^4 I i ujjjyuu ■ I jj4j4jj_^> '~ v SjLo4_J 

(_g4j|jjj i» j4_j j jjjJJ . 4'iS miu 4_.S<uSlj^jijS 4 j.j4j Ij i£jjL4J 

3jj_a (_JjLa. j_idj 'J-Jj ^J_JjjjJ .dJJ_» (jidj Öjjjj4—Sj4_» <_y£Lijjj 

(^4 _juu j'j>j jjj4 «o ^ < ■" j_» (sensitivity) ^4j4jj 1 >~î , ..d •> .4 __»jjIj 

dj4__jj4j4j . (4__j!j j4__* (jijj_jj (Jj—Jjjl^) djjl—Jj Sjj__a (jjl._a.4j 

lAW -j» ^4_»ajl_ ,_Ö4 j 4£ i(Sensitizer) jLSa jöj _iU <_£jLS _u»<u 

■ jt^4 I I I iii j(jjdj 4Sjjljruûû jlJ 4_jjjS#J (jjjjl l» J-ij (JJ_lIU4J 
' j *j~. ‘AA,'ji<d . jjj_iU (jjL»jjji<u j_Saj ji<4 ujIjj4j 4_»jj (jjjj4_» 
j—> dj4_ijlj^_»dJ J jj—ajdJ jLj4_juu 4_ijj4SdJ (J 4S Ûjl j4_j (jdjj 

4 aJLS (JjLjj_jjj<U 4Sj4j4 <j» 4J Ij jj4__a4j J—ij (JJ lIU jilSd—ijidS 

. j_ilj Sjj-a (jjLa. (jjLi_uu<U jSdj4-S Ol-SaJ jlS4_uji 4_jjSljSjjjS 
<_ySlj^jSjS (jj4_£.ti jLi 4_LjSL jlSdjdjLU djLi_uu<U .(10) (J4_jjj 
(^J4 «7»j4i>j j (Jtljji Jji.jiui j-J (jjLji_uu4U L-»i4_j 4 S 4 SjlJ\_ûû 4S 'J_'_ 
(jjLiSdj Ijjj-uu » 7 i j~i Jjj4j ^ySljSjijS (jj4_£.lS aj4_ij<L»4j -O-JJöJ 


jjjl_h->lj jljL^ e$L jajS ,_y£jljt.£ (Jjjj ^iUdjLjj -(jj-Saj lj_k^4J 

:»j4_»jSaj 4—»La4j (jIi4_iLS-»JjlS j j _» . jjjj^j-jU aj4i_uu_u ^jU4-j4£ 

jLSajl jLju dJJLa (Jj4_uu 4ii ■•■'L jjl<a uljj4j 4_ij jL ^il_uûdjj4U 

<l_jjjL j4_J» (isomerism) ^-»_»j4_ejjjL U»jj4_u j jşa. ■ •■<j c « j__Saj 

4 Sdjj j 4 I 4 S * j I j— i Ij uSij—S (^ySjJ jl S (Ij "l"j<al . 4_iLu»lji4j 

■ (photosynthesis) 4 _iil^i.lj 4i_uL»jj jiuj4__j OlJdJjjj I ji ISaj j4__lu 

j^-aj-a L?J d j (jj-£ j4_uu<U jLjj ÖJjJjS (_jlj jjLoijj 4iuijj (_J Jjjj4j 
(ton) j4_j<u Ij4-U (_yijjjLS (_g J 1 uuSjj 4_il jjJ jjl 0 < j ' 4 j i"i jj «■ 

" uj jLi (4~j iinj_»j jljdjdj—ijj jj4_S j--y ...<j‘> j_» (jjj_SaJ 

: jj__jieJ <L»aj iuû ^4 j j**lp< ■ * 4*»«7»jj 


CO 2 + H 2 0*+ hu -► (CH 2 0)n+ 0 2 * 
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4_j IJ ' ■ j‘jl£ j(J4A • "^J 1 * j" 1 d*' ‘ “ < *‘ ‘"‘Jj ^yjKa_a4Xj4_i i4jIj4£ 

jj * 1 aj4dLUJ LuuL j4j ^j4j (jjiljjaJ . d ". ..1.". t\ j^dj 

(jj_J_i jjûj Ij_j^La I 4 < .<ajjj 4 _£ (thyme) j__»< ■»i 

4_£4UJj4j 4-j_i J^ajjj |jjljSjjjjjjLS (JjLj dUi.ljj4_> jlj4-J j d ’■ ■ (I 
J_> Jj4_jjj£.jjL> u ^4 ItJj> .4 _lûjijIJ j)4 i~Î4 ~wJj (J4_SiSjjj4S 4j4__uj4j 
( jljjl4j Jdj-lj 4jaj4j4> 4_S4jjjjj (Jj4_uu jjljlijijjjLS (JJ j4j 4 _Sj 
jUj^JJ 4< d »4 a4j ^^ ^_o 4 J j4_lu 4aj (£4d4_aJJ j4£j ^juj 4 j 4 -i_u 

j4_j j L>4 -£»j lj *s jJ j jJjU djLj ^4_^4jjJjl^ (J. IJ i .K jiljJ 4_^4^djjj 
j <j4I 'j4_i ,(jj_£dJjdj 4_>ljJj jjJj III jjLjJjjLj dLjjjj (Jdjl—j 

4 <Ajd\.'j< .al~ (^jjj jj_i.4i dj_l gjj4_uu 1 j_L&4_> ^< ‘< ■•■ j4j 4j4^J 
i4_Sdj4jjjij3L> (Jjj-> jtj dj4ikJ (Jjlj-^ (j^J-ajJ4j .djjl&U (jJdJ jJ 

4-dJJjj4jjJJ 4j _L j_ujj4 ■ ..a. I Jj4_j (j2ûdj4_j 4j4 I I uû4< a J *l l li>J 

■ 4jja_uu£j j 

^jij j-? j^L-a ( J ‘O^ JJJ ‘»j4-iJj^j3tj j»djjJ4j 

i* 1 ‘<j * j»24_j jj_%4 > <j iSljjj j4_> J ajj * •+■ ■ j, jj|j Ij < *jL> 

■ij—i *J—“j^lJ jj—^ jj—^ (jû»J (JjJJ—_ j4j <jl_>j4__fcK4j (_jjl^îÎ4__S4j 

j2j^ t?jlj jG dj4i»J JJJ IjmijjlJ (^4 j>4^ j4_j ‘lj_£jjjj (£*jLa4_l 

(JjIj4j (jjjjlj 4_£4jSÎ 4^4£ . j "i jd Jj(< )4 j jlj Jj4 ~l 11 jLuilj 

(jjjjja jjjj (jdjljrd4d j_i <jj. I >j4 * jli4_l I aj ij Ojjjji ii 11 JjLuu 

J.~|1<A I < g iljlS 4~ ...1 ■?..•. jd ^4_) 4_£jjjj 4 < ■ j»j_3j Ij-ajj mtjjj 

• jjjjj4^j4j (^dlijjj (j4jljjj-iii j4j CiljdJ jr_.il 

(jioj (jjI>j0j 

jLidjLuuujj j»4j (Jjjj4j bjdjdj j*^ i iija (jjdiIjaJ (jdj4j 1 1J i7i i i4j 

: Jj£i>J j I ia l*s j4_uu4J Ijjjj^jiij (J*j4jJjdujGaJ 
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(Jj4_uu .OlKoJ (j_> OuuuOJ j-ljjjjK4 t jö I d < ■ 1 4j_Lûjj ^yit^ | KtiJJJ 

|j_>4^4luulj0jti4j4S (porphyrin) 4jjjijjj ^ 4041)40 JjijjjJK (jjj4^ 
4 jjjjli (j 4 _Sdjjjj 4 *t K 1 '< ‘~1<J I j 4 jljJJ aj>■ - ‘*‘<J - ^d 4 _> 4 ijJj 4 ^ 
j4__i 4—IjjlöJ J__iijjjJK ^djJj4_^ 4 _£ j < v i'.j.ji<jj i .1 aj< (phytol) 
4 . 3 IJOJ jtj (^djijjK-) 4 j j(jjJdjiU 4 ^ 4 j^tijjj (jJ> 4 jjlj^ 4 j ‘(_y£lijjj 
Ojl-J öj4-JJj4Kj (j-lljidJ 4KûJj4K ‘0j4j (jljJ -Ojj (_Jjjjj 4 -> j lii itll 
J-jijjjJ^ j-ujj—Li ■ dj 4 —ilJa 4 ‘ ^ ‘stijjj ^ 4 —Ijlj^ J(J 4 __£i>j%!la. 

(^xLjji 4< ■ (» 4 _S 4 j 4 J jjjjLS (jjj_uuKjjjiljj . 1 j< ■ ■ ■ I ■ Ij i~ “ 4 i 

1*1 lil ‘7 (jju 44 _j jl__J Ij_luj KaJ iCll__£li (^jlj_ûû 4 j j~ I d<‘ ‘4 _ûû jj 

ûjljjj dLljjjK 4 14 jl_j . J__L 9 jjjjK (jjjjj 4 __> (jiulj 4 __j j ûû 0 j 0 jj 4 A 
(» 4 _J ‘(NADP) J >La 4 jj ‘~j< ‘*« (jjjjJ 4 j (_gJjL>jK li 4 jljjJ ^yjliuujjaj 
j4_j (ja jj j ^4 i ‘NADP.H (_^ 4 _Kajlj*s 11 a j i iii j_i (jjj-^aj 4 . 47 *. j |j 

: 4 ljJjK 

2 H 2 0 + NADP*+ hu -► 2 NADP.H+ 2 H + + 0 2 

4 *‘7 . ■■<. ûjliLuuji (J4ju_aj£ (jiulj4j ÛjljaJ jj j jj (yljjljjS ÛjKjU 

(_yjti mji 4 *. 1 1 ... *■! ‘* ‘Q< »» j_i 4*1. uujjjj4j (_yjli mji 4_iljJ j4, iii 

■ OjJ (J Ll j£ ?- liji 4 _KLi jjj I Jajjj .(ATP) (jruuujjjJ 4 j 

jJjjJ lOL j 4 j 6 j 4 j NADP.H (jiiU (^jjjjb (_y^ 4 jQjflj 4 ^il j 4 ^ 4 j 

:<jj£»j jL> ajj4u (jLua_K ajjjj (accumulator) (^d^jajaj4dj£ 

• (jjjjAojluua J4j ADP 4 J ATP 

O-uuoj (£_Liji 4 -ljjtj) (jKLijjj j_i (jxLiji -^Liji j»ojjJ fî i.i Vi 

jjj£ajjlK djljjjJ jjjjj4_£ o i uOJ (j 4 _jljjLa j4j I J_ljj4K OKöJ-jj 

• Oljj—uojjjK j_> (jjjjt_£ (J JJ i.K jiljJ (jaj4_JiJjlll 4_J ,jiuij4__j 

4 joj 4 j (dark stage) £_tiji 4 £jjL> (^iK^d-uljK 

6 C 0 2 + 18 ATP+ 12 N ADP. H+ 12 H + -► C 6 H 12 0 6 + 18 phosphate 

group+ 18 ADP+ 12 NADP+ 6 H 2 0 
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dLijj Ij 4_£ j>o jjJ (jojj .sn ^jj-i J LL o y (_aj 4£ojJ Vi , M llj£ jLS 

j>j-mjJLS JJ_uJIS JJ>J ^yl4j4_j>. jLj I" ■ •• »“» A J‘ , ~ *'J ‘JJ •“ (_^‘ , ^‘ , ^'»* 

Ij ij<Lju4j ^ylj jLj 4_ijJj Jj4 j^4_^4j jgaj4-jJj*L 1912 (Jjj_l jtj Oj4u>J 

j£jj-> (Jj4-_uu j4j»_llj 4_£dj4iJj£j3L> (Jjj_> (Jj4__»i (^lj J-L ^. t .4 _Sj 
J j4_s j»*jjJ (jaj4-jjj^ l'jLj (Jjj__l jl_j 4j4_aj 4S*Jlj4_.i Ajd’i" ...Ij£ 
4 jjljlj ■ " 4j .jj jj “ 'Ljjj a jLi4_^i4jj4j (j-ijjJ (_y^4_Jdj ljrj^4j >lj£ 
4—S4 j Li 4 5 *i4 rt j4j (J4_^4_ljlj4j> j4j 4_li.>j ^a4 ‘~ uuOJ 4 _SiSjjj4j jdJ 

1 <~ 4 t , -vjj i . *>1V^ * ^*t Twd < \a a^j 4_) t rlCrl \ t 1 t*t t, ,,d\ . O IjdJ 

O U>4... K'sd, a j4j J)4 —^4J jiuj4 —j 4^ HOOC-COOH cl.M. illj^jj uûjJ 
.Ol— SdJ o —uujjJ jjjjl—£ (^Jj —uuSijjljJ jjl— j jOl^dj—£jJjl£ 
j_l ^(11) jji4_^j4j (^JjO. j_J (jjj-^OJ 4^4jjj_uuljjj J> Ii4_^j4_öj4j 
jL_idjLa. j>4_j j>34_j AjAjd <. a jl_ijjJ 4_Sjj4ÛJjj,-,jLj Q .. s jjj 

(jjjjjjj4j j 1 ■ ■ "<jj ' ** A (^djljru^ 4^) AgN0 3 jjj (jjljji (JûjIj^ 

(aj4 “J-A' Vj .A 1~ •■■Jj' IjLji>j4 uu4j (JJjjj _ |~1 l*l j4_j Lj (jjj> J_iJ 

jli4__l jrJjjj ui4j4S . j> >jj J (Jdj4_jjj*L itLj (jjj_ j jl_ j 4 _jjjj>J 

(JJjJjjj-uu4j (_JJjdj (_^4jjjj- öjj ‘OJj4 - JdJJJ IJ4 -SöjIjaS 

“ O j-^Ll 4 jj j*Î m i j*i j>4_J ■ j-JJJ O—uujjJ AgC=CAg j_jj 
■jJ4jdJ (^i L»i Lj4j (jjJJ ^yjJ Jjj.L (jj^J j»j4^ j4^4j j4j 4jjji- 

d(zelinsky) ^ _m'iljj ^yj^jjj_— j4_ Êl <» << 1922 _u4J 

j4_lu4j jrdjjj_uu4j cLljlS :»j4_jjjjj jLjaj4_j (kazansky) ...MjK 
jjji4-> ‘O-JJNJ ljJJ4_uu (J4_1 j 500 jj jlj-S j>j4_^ (JjIj^^IIj. ^yijjjlS 
(jjjlj-j»J 4_iljj^ j4_j 4_S oj4_SjdJ jjljj OL^dJ o,.iijjj (benzene) 
(^jljjJt jL£4_j4j (jju j4_j (jjj._i -1y‘<4 ‘< IJ Qjjjojlj ^t—J J JjLj4_I 

»jj^o4 i .jdJdJ-jjL ^ljLS J-Si>j jj—a. jljj-Ji. ^ljiLS (^4 —jjjLj 
(»4Aj4j j_j (^4 |4^ i j4j jjjj4_i ljjjLuu4jjiJj4j ‘OjJ<~ ■■■a.i jljjjjj4j 

.(jj’ll 4lOJ 
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(JjjjijjLLi 4jL_ui) (picric acid) jLjj^jj (j-öji (jjiljjdJ jj-a. 

(»4_J (_£>j4_il JjLidj J_1 ?(jj£j#JLoL ^.al J_i4jli (^4_>dJjL j jjjjl£4_l 
(^J LÛjOj J jt^4 ‘ <<»jJ ■.. 4 . .1 ... .< 4 < iljl< JI< < '* ‘JA j—IJJ djlj_uujj 
( j 'J. 1 ' "Jj j—‘LA? gjdjJ4-_Ö (j£jj4_£_»jIj J-Sûj J j-Jlljj jl_SaJjlj 

(_g4 < ■->- Ajl ■ . ,.J i (>4_j iOLil j l<d “I m< j < ‘IJ LS (Jj_J ^yi l^4_£. lij3 

jL_lljl£ (^jdj—Jj (_^jjj__^ljljJ4j (^jA4__l 4£ij__a. 4 j 4 nVl (jA4 ^L 
Ij_i4j 1 Jt xa ‘< ^ÊjjÊ < v *«IjI (^jljdjLui .'I ‘j< ‘ ‘ (jjjijjli >j4ijjjLS 4 J 
(_jjA4_i (industrial chemistry) 4-ujl .u4.m m jd *“< (jijj4_j j_i4_^aj 

(J4J JLj jljlj4Jt jja4j<l £ 4ji>j4_ujt«u4 1 . 111 jjLu^ ^yjLS*Jjj4< im>J 
(ji-Öjjjj (_jjL^ jOj4_i jjjj4ji.4j jj_l Jj4^jS J'dLjjj j jUjdJ4j (jji 
IJjjJjjIj 4J idjlJ4 _Lijj (JJjdj ( j*>J . ~ iji ‘-LljS.J-i (j-ûûjj . jJj^O J*î.‘ iJjJ 
jljj-*?» Ldj.ll OjjjUjL£ 4_1 (_JjjU. j ji_iiijjjlj j_l iXidj J-^dJ 

cb J_i4j& j_iljjdJ . jj4_£dJ (juLi 4 “I~ -jlj j»4_j ^*».'j<~ ...Jjj j_i jjca. 
jjdJ_i j>Uj4 “» dj4_Jlj (_^J < »al~j I d_S4jJjSdJL jLj ^jIjSjjL-i J ^^1 Lijj 
.4*1.111 JJJ jÎ4ulî (_^jljj Ll 4l4i JjSdJL jL jjj4Jt j>24j 
d4_>4jj^jdj djj-a. j_i (jjjj-^-> jj?jLS j-iûJ ‘Ij_a4^4j ^LijS^J 
(jjJ.j djLali 4 <4 11 alji4j dJjLs 4_>4 jj^ jdj j>4_J < aûjj (derivative) 
(£ Jj . . I *s jj j jjjjL_S jlj—jj ^4 ‘>jl jl£ j4—j 4^dJ jj__uu4j 4 *>jl jL£ 
.j_jjJ ^4Jtj4j ■» j ■ - »H< (_j J_ujlS Ijjj4j (_yjj4l (_^4 j4Jj4J 4^4j jmuJ LS 
j-JdJ :4_>lj£_ÖLj J jjjj j4-1jjÛ. j_i 4_l4_a4^ j»4_j ^jjjLêIJ (_£jL^i4_uJ> 
jrJjJJuuu4j (^dj4_j jj .~‘ V ‘j<_‘ V »» < V ‘tij LS |jjlj J|4^4j j>j.. 1 1 1LS g Jjj jl£ 

_ja jd *■ »ij< v »i jjdjjj_uu 4 j ^yjjj^djLalj j_j olijj 4 _jjdJ (acetylene) 

. 4 1 . <1 1jjj j LS Lu __(<»*»LSjdJ ‘ (_^j 1 <a »jdj 
(_y^ 4 -idj^j 4 A 4 _l(clamp) d 4 _idjr'^ 4 j >j 4 _iJ jS.jJ Li (_^ 4 _ijjl 4 jljj_uulj 
jl_S (_^ 4 __ujjl 4 ^ Aj <» dla.» 4 .i 4 j (_g 4 ^dj 4 111 j 4 _ll jUiLS »4 SJ 4 j 
(^ jj-> t?j 4 -uu j->l>l dJJJ (J>jLj 4 u. 4JL1 Jdj 4 i (j 4 Öj^ 4 j (_gdj 4 i*i.. ilj^ 
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dL»j£jj ijj (jiJjûdjUli :(11) ^4 jjj 

aj4Ûjjijjjj Ij^jIAj j<L^<U Jdj (jjjJi^u (_yû-û jil 4 ■ <> ,_,->->» j4^4i 

I •> .-■< <t Vl .jjdjj-KUjjJ Jj-jji Jjj.1-J jjjj<l-J (J-JijjjJjU Ijj-j 

(nitration) ^yjjJuLj j4 < << (j—idj (£dj4_i j 1 jjjt ^ J4_> jL j<lI<ljjLj lj 
<l£<L> Ljj<G jr<‘i I(j)jlS<L> jjjj JU Lj (^jjijJ jdj<L> . Jjj<LJ.J<U6 4 1 Ijj 1 j 

(j^4_ijjjjdJ .(jj4Ûajj _ uijj (mononitrophenal) jl _aJjijijjuli 

.dj4_jjjjj IjjLi (jj<lS (jijjj<U Jjjjj . 11 "... <J< j~><|-»>. »jj‘<.'j< »al~ 
° <J --AP UJj_ 3 ^dj<LÛJj^j30 (_^4_jjjjj<U 

jli <>j<lSj kUjJj ^JjJj öjlj^jjjj <LiijJ |a4j Laûjj »J»j4Ûj jjjj jLj<U 
(^jlj4_l Cjjj<lS*J jl uj&J (^djljrçû j<Lj jl_ûûL> jJ <J lj‘»»a (jjjIj-dû 
(J^jjdjl-j 'jj-; jlj4-J 4Û4 ÛÛJjLÛ (_Jdj4-j (^ljj -djdj4Ûj JjUu IJJjLju 
( jj<L_ojjjLj jjJ »jJjl_j Jjj.ljj4_> jl_j 4 j4_Ûj <l <Ajd~»,'j< »al~ (^jj_> 

u *>jj jj (^djjj2i4j4^ jj» j~i iu jjJ Jjjjjjjûlj Ijlu jjjjjjj '(isomcr) 
. <UL» (J.jljû (jijj jj>j jI 11114S4ijj j jj*j djljj<L> 
I j4_j >c> *j j ■".' J lj<Lj dL>jûli (Jjjijj (j ju .1 n4 L ^jûduijlj-û d »~K 
judJ IjJJ (j^Jj^JJ (^uujJ jJjjjjjjûlj 4ûljjj 4Û4ÛÛJjt£ (^U<LÎ>J<L> 
j<L>ljjj. Jjj 4ÛÛjj. 4 I l‘> JL>_> j^ Jjj 4 £jJjL£ j4i .4iLajduu4j<La <> /» v »‘»<>< 
(^jilj-ûdJ dLuj^jj (j-uijJ • jjj j_o<Uj4j (resin) ~i~> lj jjj ^jjj 
(III) ^yj-ulj (_£j_ujjJû ty ijjj4_u j jjji4_u (chlorintation) (jjjjjJ^4_u 

O ■ nQJ 4_jujj<L> jjj_L2 jLuilj .(jj^jdjLali dûjdjdjujL (jljLÛ j_2>j 
<L>L._J ‘«r» »(]<■■> *J<»» jj O-Jj£jj (jjjûL dL>jûli (_j_Löjj<L> 4Û >jjjj4Û 
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Ij4—j >4 ——jIJ (oil) LJj4__j<U (benzene) jjjû4__j (_^dj4__j j4j<U 
Jjl aL jL_S»ji>J 4 jjjjLSjjJu U (jûl jjUjJJ jrj^. jj J >U<L> 

<* »4* <~! »< »ljL2 öj*j_j j '•*<< a. < j 1 • »*jK »!■ ■■ j_£»j (jj_2jj 

(_g4 ‘* v »j) (jj_2i>J dJ l_a Lj <*! »j< u .• ; .j'»<i 1 jjji<L_> Jj4Û L jJ>4j4Û 
(^û JjÛö j l_aLj (_gjj )4 ~i >ji>j<lS jjj_^j jjJj_j j j 4 Û lu Liaj 4 iii (11 
J.i<Lu^. > IJdj<LÛ Jjûui Lj (_yÛ4_u jjj<U . jjji4_> (_y^uijij4 ■■■ uijj 
Ci— <u<Lk (jû_> Jj^j_S (j-uîijj judj_ûdj4j jjJ j jjjj<Lu d__j.jjJ J 
I Jj j(j_S (_£jLÛ jûû j Laj<L_^<U 4 _Söj 4 jjj£ujLj <_£jju . 4 _Sj J<L_Sûj 
<L_Sl> jllj\S j£dj G - ^ ' »< »‘» <d<jjA j Li (aljJJj4_i j4 < * _j 4 < 

ÛuJJ ÖjJjLÛ d.iû.1 Jj 4 „‘ jLÛ *j 4 < ‘ ‘ I ->.*»» ‘» V ' . ' j ^<4 .*»j -»■ 


(benzene sulfonic acid) jjji4_u LS ûu.ijiJ4_ _ 

■ 0 j4juj»jjjjj 4Û4jljrd jJj4ÛjjjJJ IJ4ÛJjlj4j 


twk.com 













J J-i <•&-* isi* ^ “ 'Jj j (resin) ^4 Vii lj j«(-j (jj-i j-udJ 

Aj t)*! tjC il t*X- Qtl Aj' jA wJ 1 

(j4_S4ij j£ »jL>Lj4_S j jS jt_oj 1 £<>j jt>j (dye) 4_>jj4J el i^4 i ^ ■ ■■( * 

öJL-jL j -j t^Jj*j (^4_>4_>jj (jj-SdJ lj-uL.dj«(J J)4-^4j jJ-J jjJlj jJ-jjjj 

jjj— a. jjjt^l—uu ^4—jt^jjjj jjjjjj—1 (aurin) jjjj—j - jj4 —Sj 
jLJ dj4_Jsu> Llj-jji Jjt-jj if-^tfi jJl-^iJtj^jj (J-J^jj ^‘sjtn >jj j£ 

jl .< ^ ,7.J~ L_)j_Jj jjJ Jja.L_> j]<L_> I»j4—jjjSkjjlj (^4 I)Jjj 

• 4^J j»j4^ 4£dj4iJj£j3lj (jjjJ ^yjljjjjJj j4^j IJj4_uu4j 

Jjdj ûJjj dJjj 4_Sdj4jjjil3lj (jjj-> jLi (j.J4 ‘sjt jj_^4^ (^-jjJdJ 
^J_uûjj J4^4J 4 Jjj-LÎ (jjj4_jJJJ Qju4a I Jjj ...IjJ 1 4 ^4^11jl£ .Q J>0J 
. jjd jluujjJ djJlj^jJ (jJJ>jJ 4J4^ Ij^JJjjj 



dL_lj L£ . t>j* j4_Sj jjj j L4_> j>?j Jj4 £j >jl ... 4 £frjlji£ j4^JJ 

.^Ls^jjj j_> IjjjÊ&J (_£4_£4^jdj .4_Sûjlj^jjjj djljr^ 4 jjjS»J djjjj 
L>4-«■ . jjjjj jJjjjJjjûlj 4 jI iiii ~Jjj Q11>jjJ jL>4jjj jjJ A jja-»4j 
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.(picrel chloride) J->j%j ^j-jjjl* (jjjjdJ (j-jÎLj^ jjjj4_> jjjJ^ 

4—L>Jj4^ Jjjj J_>j^JJ ^J—jjji^ ^jl__a.j4j ^jjjj-jîijJj 

4_s*jlj ^yJUjjLSjjJj U Ij4j (jjSjuj (jj Lj j4^4j 4S (_£j4 j4^i>j jl£ 

■ >j4jjj£>J 4^t>jjl£ 

IJ(j4j 4—u>4j t4—>dj4j d_> jSjj (_j— ljjj ^yijjSöjLjlj (jj—> ^£<t_>4Ljj 


(»4_i (_^jlj—idJ . jj4__Sj Jjl sli jj—jjj (_y$jjjjj4 ■■■ 4—ilJjj •"■J~ 

j OJdJ-> - * •y‘“ < j I J_> jidjli j* I—a (_^JjLj jjj4d 4—u4jj jjj Jj4_iJj£jJlj 

L \\d c<QdUi<b<U -v J \ j> j dC i**Jj A_i^ ^C i jald.nj jA ^.*?> j*î 

L_> j—l J jjJ jdj4_i Jj^_lS Lj (^4_jj jjj jLj 6j4—£j Jj j li .11" ... >J< 
jlj4_l 4_^4jjjj> do£4 Ij-v '*‘J v- j_> .4 _£j |j j4_j»4j (^jJ jÊj£ ^j—ljjJ 

jt_i * j4 ‘s t j <j < v . I j _ Î4ljj jt_jj.L . 4 £j |»j4__ Ê I j j -J j— £ jj t— j 

Jj-Lxi (_j^jjjil4-j>jjjj (j—u.jj jjjj ^4_>djljr^ .djdjLi djiuljj4_> 


J-jjJ (jiJjU Jjj4d Jj-liS ^ySjijil^jj. 4_iljjJ ^,-Ljjj 






■ 0_jj£»J jjjLLj Ij_ijjLL j-Jj J 4 S 4 J jLitL jOjj^>j •>jLjL IJjj 

(J4j4aj£ jjJ j4j& J« ~u 4^4^ >jLL ^jjlijj (j jjlj L (_^4j4jjS Ijj>Uj4j 4J 
4_^4jjji4j (J4_£j4i - jû4_jIj4> (^lj_jj «>j4_ij^«>J (SlllpllO) 4 ^ 4j jij4 . .. 
4_ SjjS > > (j _Ojj (jl>4__i4j l 4_>t>jjj (j_OjjLli (j4_]4j>jS (i4jj_u> 

■ j «» >"...jjJ 4^t>jljt.i>j 


, d—Jj%J (j —îijj êjjilj—j*J ‘lj—JjLjfUJ 
jdLjjLL (jJJ.jj J)4^4J 4^4jjji4j (^iJj SSjl jL^4j ji->j4j (jj S >*>. .ijjJ 


4_>4ilj4j j4jjjj- .djjdJdJJjL ^ljLS j-St>j t>j_u>- ^4_lJjj. (^iJj>4j 
4_^JJ jOlJJ jLjjjLÖL |>j4_jj4j4j 4 j4^Jj jjjjjji 4-^jj j»4j 4_S jJL) 
4_j>_*j jjjujj_£ IJ ■*■ ■-■!j 4J .OJjjjtA4jjL£4 j jûkJ. jt^4_uj' l£L4Js '*««< -v 
. d 1 11 ( L \_ijp 1 >>id < >■ 1 4 4! 1 j^^Lj jC iQ U jfiU jLii^a<Utj<b j* ri.<■ i/\ 4 i 

j»24j (jjj_lJt>J 4^4*i 1 ii4j4j 4j4 _Aj4j (jJ4 J&j4j (jjj4j d4j4^jj *« ■ »jlji 
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jj J j»<Lj (jl j) it4 I LS<Ljj-> j.. jj_s ^jLjijj I ' <" •■■!J<(j 
(j LiLa ^jjj $j <L_j J 4_>J a u 1 <*<<> d j<l _ uu ^>j4 ~<- < d * jjiij < . 4_> IJ .>jt>j4 > >i 

j4_jj> 4_Ijji.dJ (proton) (<*i ‘~*j"jj ‘) jr^jjj—>I a ^< ■ ’■ j <li4_S 4_><>j<L> 

J > JJJ jd >4 1j /»j< |j o LLxLdJ jl<4 *> <1*4 ^<4 «>I<.'j4C 

j <■> ‘ '. “ Jj J Ij^SdjL) >Jj4d<U - t>j4j-u4j ^JJJi. Jj> ^<4 <4 <j 1 <4 < 

j__> jûd. j-L> ^(4_SdJj4^)4_l 4_S<LÎjjL> j— >dJ dj4_jj4j4j 

djjj-uu <jJjJ4* (j4Sdj<L»> djlja. jjjjjj <GL$Sjj .1 Jj~im lj4j 

j-J j£*j4-S OLSdJ ^JlS4_jjj u lj~> 4—j<Ll Ij (jl>4 l UI J&J f4_J 

■ CXJJJ 1£<L j IS4 i~>jj 



4__ljj 4__> j4 ■ ■ *4< j4_iljjU j4_j jl<4 ■ ■ aI '~.4 j 4__>jJ ^yj_uîiS<L> 

(j4_J<LajS (AZO) jj I— > (^jl^4_Jj j L> j*<l<4 >-a| Jj4j 4_jj jlj ^yiLSajl j Ll^ 

j4_j . jjjjlS<L_> (dye) 4__jjj j-Saj (jjjj4—> 4 __jIjjj (-N=N-) jt_jjjlj 
4 j->-a4j 'j-L 1 < jl<4 lj*> >a jjjLj 4_jl jjJ ^ IS4_jjj Ij 4J jjLj (J4_jLijjL> 
4__l jjl j 4 iljjJ ^*il<4 "ijlj . jjj__S>J »JL slj jI<4 ■< ■*!Lj j j4j 
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( jljl m jJj g j-«lj-j<L> ^4 jjjIj (jJdJ ( j~i < M< 4j ^jjljjlj Jj (54jjj jja. 

4— iLttiLa JJJL-s ^Sid J<I_S JjljJ gj j4i >11 4 < i«m V 4 >jj 4 "■■■!*! ^j 4 _A 

4_>jj (J J j 4_S4J (j4_iL>l jJ jjj<L> 4 . .*■!jj jjj<L> j4j (JdjLaj j4jj> <L>LS>J 
j4_j|jjj jL>4—il j<U > J *<4 ■ J*>4^ jrûjjts jA jrLaljjJ 4j jjjsj jj .<L>|J 

jl_Sd jjj ‘*** i»4a 4 _jjjj<L> 4_jJ<L>4j (j"i > > >~> jLo4 A JJjûj j I <4 <4 < iAj 


j .. ■ jjjJ IjJjjj<lj<lS j. ■ .iij *i*<4 j j jdLjjoj .OlJdJ jjj (condensed) 
j4_J 1 ' < ■" 1 <4 I j_^jaj j_> 4_>ljJJ jL)4_)4jjj Ç>I<>>4 A ^Jjji4_> (J4_ÎJ4 j 
jl—xSjaJ 4_>l Jjj j !_>_>_> jj«_J (J4_D<1_> (ji)4_u> J jd. I_> gjj ‘4 < (J4_j Ljjjli 




jdjLi tSjdj (j4j<LajS (_yjjjj4j JJJLj (_^jdj <d4jdjjjjru (JdjJjS<L> 
4_S<LajS -) - j -NOj —N—N- j -C—C- ■ 4 j jj-ûj j_> <4j4_jjjSdjjJJj 

j NH : j —OH j -S0 3 H j COOH—j_Sdj (auxochrome) ^ _^jaj 

J-jjijjS -l4_aj^ . j4 -SdJ^jj 4 -SdJjLa ^ _ N(CH 3 ) 2 

4_S4jjjjj 4_> L^jjj a( jjjjd (jj j<lS (jo j4_1j (_j_<i<L>4S) (quinoidgroup) 


jl3<L_3jJ J_jj4_a ■ 4_j JJJSJ j_> <dj4_J ^dj<L_jjjSjjjj j_> . j < ? < A <L>»J 

^jSjj^_>|j j_Sdj (jjjj4_> 4 _S4jdJjLa4S aj__Sjjdj (methylorange) 

_Sj*j (jd4j<Ll<LajS 4Sjaj j»4j (jj j<lS .OjjjjjSajjtS<L> jj/jj (indicator) 
jljjj<U (_j_il jjJ (_jSûj_i<L> 4_S 4_jI jjj (chromophore group) ^jjo jLj 
( auxo chrome) ^j-^jaj 4_S<LajS j4_S<Ll <l_>Ij j^jjûLi (_jjlS4_tjJj4S 

(j-jljjJ LS^-% Ly^-^jt^dj jjjj^<L> ^jjjJ<La 4jljjJ (J<Ll<LajS 


.!jJjjj4j 



<4~l(]< ji ^24__> 4 ■ ■*■ Ij_Û (jj_>jjjjS (j4_J<LajS JJj<L-S j»4_j 

.(jjjjjja 4jdjjÖ j»<L> (jjjljJdJ 
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djj er°iAij OiW (jAP lsîJ^ 

•(>Aj 

C 6 H 5 -NH + 3-Cl + HN0 2 _► C 6 H 5 -N + = N.C1 + 2H 2 0 

W-? (^jÇj ^LuuIjsu (jjj|_$i<>j 4^djjjû li V“V (excess) t?»JL>j 

j—i j (j ‘| | i iKjjjj 4^«Laj-l iuDjj (£j jjjj 4 i~ijj j*4_j ddij -*. 

(U^huLuUJ i t . «»J < <1 ^ C. «iJ ijJ . «i 

.û^jlhujjJ (jry^ 

J)4^4J IJjj4_l (^aj^A (_j4_1j 4J _$ j£^La.j_$j fjdljii ^jlJ V^ViV" 
4_ilJ (_JJ-lIjji£ $4d (_y£jjj4d djd~>,'j< .aLi (^£4-1jjj . jJ<A ><*■ 1jl£ | jjlj 

■4-V fj4-^ L?J 1 -4 L Vij U J <L -^‘ U (>-? Ij -A (jAV 4 -* LS^i-Aij 

_$-£*_$ (VAi"? Jlij jdj Û^iW L?j*-^ L*-" (Jöj4JijJjjj4j (^ajjiL-ui 

. »j4~i 11»J jj4j J<»jJ*>.'j< >al~ (Jjjj4j J.. ■ lj~> ■ a 

c 6 h 5 -n + = N.C1"+ h 2 o -► c 6 h 5 oh+ n 2 + hci 

jjjj4_j (j^j-ûjj 4 _jIj ^j_jjji^ >ijj-j ^dj^-ijjijSn (^^-Lijjj^J 

(_jjIj 4_J j > >Jjj jj < 1 Jj <jj »j > * (_J J > Jjj (_£<>_$ Ij-l_£ J4_^4j 

t jLuidjdJ jjj4_jjdJ4j jrşa.jjûli (_jjl_^ (jjl£4>Jj4£ . 4dj $j4^ IjjajS 
4 J lji4 > jjjj|_j 4 £ (j-ujj_S (_y^4j41 i~i 4_dd_$4i Jj£_lS Lj (_Jjj_l ~> >J I 

. jJdjjjjjjjJ 

jja.jjJ_>L& (j4_JLiJj4^ j4_^JJ. jilj_JdJ jjLi 4 jI JJ J (jjl£4_jj jLj 

(jjl£4_ljjlj 4 l4^ lj (j4_> . J_$4 _Jj^j Ij jrdjj4_j jjj_j_ij l£dJj4_^4j 


’O-j 5 'i—j j .**>...a. i jLjjjLi 



(_jajl j^ 2 cJL j__j4A .(_jjj i (j LLjj î j < >1jLS j (_ja j4__j j__> 


jl_j dj4_V jjji4-i (j-ajjjjj^—ilj (_^J_ijjJ£ Jj»jjjj_uu Lg JJ w i < s jjJjU 
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jjLj 4-iljjJ (_JjlJj£4_l (jijj4_j jjj_SdJ JjLaLj jrJji4_j ^ K4-ij^jd_$ 
j__i (jJj^jj—ş- jjl—i (^lljl^d—i jji.l__j) (diazotization) jJj—£ 

. jî _ _ ■■ >j > . -j >.'j ■ ■■ ^ ~ >jt >~> jj.t‘~.j .d <>1 j1<-j c > *>!.'_a LÛ4 j 

4—>ijj4j jLja. j I ii4 ^ jjjj (j^Jjj—jjJ—iL* J—Löjj I j ^j-L IJj4j4J 
La. V_^.j4£ jl_j-a. J_^LLj jjj • j-ijlJ d_$4_Ijjlj£i_j_5j ^4^4 *î .» 4 -L 
j4 < ■ V < v >~ j-1 »~*4 J41 L ss. a._$4£ j ■’> J|4_^4J 4_£4i jjj 4 ■ < ojj4J 

>1JJ _$4ijj£j jLui (^JjLa j4_l -»J» j4dj (_^J jLu< I JijjtjA4 1 u jJ ___< * > lS4 1 
J_$sL L_l 4_Sû Jjl_alj Ij_$lj4_l 4~ ...I... >~> j (■ j > ■ ■■ Ljjj (_^J_l jjj (_JJjl JJ-& 
j_$_$j _$Li4_j jjj (_j4_>jj (_£<>_$ Ij^ :4 ijo_' jl^4j 4_ia_$ljrşS j»4_j jLdL^4_l 


jj (^jJ jld (ascorbic acid) d >_»jj< ■ ■■+> ^jAj* j4^4J jLiiL ojo j4dj 
j-j (_^4~ ■ ..1... .*. djji4j& Li ‘t > jj-ulj 4ddjjj (_^4daJjdj 4dj»j li 4dj 
jj4 a. _$Li aj4 < ■ ^jjjj-uu (j_Jjijijj (^jjlj-V ijj-jj >_>jJj ■■■'>> 4 <. 

j"i >~>L_£_$Lft 4<r>jlj<.'jl .■> jjlj^ jjL_ a Lj 6_$l__£__£ j I_i. jjji ~>- < 

d m jJj '~*4 a. (j-jJjiji (_^I_$J »_$fl>j4 < ■ (_^JjLjji _$jj_i d *~ 4_£d_$ljrd 
^ ld < >"d I djjjJj aj u laj4j 4 >Ajd~..'j< >al~ (»4_j >njjjj_uu (jjjj> |~>4 I 
4 a.jL * j4 ...d 1 4*. ...l.v. >*> Jj__i (^d_$|jrş_S ___4* * *j jj J4 <4 1 4_£d_$|jrd 
Ci _$4djJJ 4<4 iii JJjuu j4jji4j jruli < ‘•■>j J < jd_A 4< ' _Jd< > > d4j4-tji_$jli 
Jj-Vb J ‘s 4 ijlj~> 4j ^d_$ljrş^4_l $jjjj-u>i (j_jjjûi (^d_$ljr^ (j_iJj^jj 

benzene diazonium ) ojjji4_i ^j-jjjj 4 _jIj (_jj_jjjJd j-i Li—ulj 
- 4 j ^<Mi (_^r>_$i i.j 4 ... j*i *~>4 J Ij4>j_jj .,^_$j~>jd<~. ....•>,' (chlride 
J.~>1<A 1 < v . 1jd 1J < >jjJd jjJ_iU (_g—uiji J4_^4J j» I 1~'4 1 .4_l4iK lljd 

. Ci 1 < A ' ~.. ,_$J ' jr0Ljj4j (J_i _$î. 

c 6 h 5 nh 2 + hci -► c 6 h 5 nh + 3 -cr 


j >A '*>... Jj.l | J4Û l< 1 Ij d j4j .“'■.■ d >j d .. . _$(_jj_j/L> li (jjllji 

NaN0 2 + HCl -► HN0 2 + NaCl 
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a< i (Cjj jjLS<<_> dj*j<» < «j lû. ddj 4_£<L>dJjLa) Jj ’■ ■ ■ ■ ■jjjjj dLijj 
(jduJj^j.^ ^ ,7.j"d I .-I v .. j I ' '*«< j (jLdûb jOj4_i JjS i?L> ^<4 ■ <jj ■ 
jjj<L-> ^<4 <'j ~<- j<Luu<Ll ^y_> L>jj<L> 4d<L>jjJ 1 •»*' » > . <dLj I Jj<L»_u<L> <...<> -v 

(_^ J> ■ u£jji' *< a L^lj -> . Jja»j4_J»j JjLm 4 < d 14 < »» jl, ,7 iL> ■ 4 *j<> S 
L?JJ—? (J^jjdjt—j j>—<ib J<i—Sdjljj «—I<l£jj jL_j Jj<<—S j j»jjJj__uu 
,yajj<Ljji ^jjlj-JûJ .jlj<U J_> ^SjL ljjd-u jlj Jj<L-£.j<l£ ^dj^jJj^uSlj 

(emission) <Ljdj«tj|J j»«_j .jt> j_> jljja. ^jbjjo-uu ^Jjdj (^Sjjjjjdi 
(jJ,j<lS) <l£jjjjj<l£j_uu<>J «—>jj < » •"■<> < Ui4_i<U j-jJJ jlj_jjj <*l >~1< 

jl£<u j*u_ujjjii . dj«Jj jjJJ IJjlj (jjI><L> jjjJu jjuoJ (jru-ujjjii jjJdJ 
• jt-SdjbilS jjt>} jjj (jjLj (jjjj^Jj-* jjjj-û j-> (jj-jjj>aj 

j«J jti JtJijjAJ jLûûLj <LS*jUiLS jli <Uj j£dJ jju-ujjjJjdJ (»<U ^< »j) 
ji«_^ .(jjJJ <L_ijj jl-JJjdj J-jj (_Jjlj<L-S (jjr—^JJjöJ (_j<jLjjj_Û> 
<JL (_yU>-a« AjJ » j_jJj jLajU a-tA ^24_> Jj.^JJ Q ■ ujjJ jUS«_xL>jj 
Jj<U> IjjJ><LxU <L><U d<Lu<L^ûj '*«» IJ—UjjdJ jd-UdJ . JjJJjj<t_j lau. 

.6j<L_JJj£dJ dI_> jdj<L_jjj£djUj. J <J< v »IjU (_J<I_l<U_d<Ll <L_jjJjU 

jjjjJU djUjjJ jJLU-ujj^ ^dJjLa (_jaJ<L Jj£ jjjlj- jj <L^jj jjjûitj 

.(recrystallization) (jj<LjjjjS 

j»<L^ ^j-SujJ L?jjj<L-> dJJl-a :<L_>ÛJja_xL> jjjj-b djUjjJ (_g« ~»J V>> 
j<U> (Jj-j .3 (_jdjlj\_^ <L_»i>a j«jj<l<l1 j<l_* <ljIjjj (admixtures) j4 
j4_^4j ,(ji>dj<U>Jj^ JjUuxL Ûj<L-ilj<L> jjUi Q IIIJjj j_L^j<L_4 <L_jLliU 
<UjJjU tl*» ■ »j< IJ<L_> *j<LjjjSj JjUui d<L>»JjU Jj-i j jd<L>*jljj£ 
jjULi U . Jj<LjjUajJJ Ij4_£djl jj^ 4_I j<LA jl<J ~t-L | j < v .~1<j I j .*»a,' 
<•!.< -<.j<>< jl_i »j< lU> jrvJ Lji<Li<U U. ^< »< j<>< jj<Uj djlalj jdûidj 
‘dli.lJj<Lj jLi (_ j~i m < La . (jijjûtu (j-jiijJ ^t-a. JJ^ 

d<LJja- j_u> jt_> jjJ jt-j U> jj lj_aj<i£ jj Lj jLxlJ <U<lUIjj<l> jUiiU 

<t_£ J.j ^ <■ '** |jj4 j jlj Jj<l£j <lS<lUIjJ<L Jj*JL i t~ ■ Jjj .<lSj (»j<L^ 
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L? J J*j (J^djjjj-ûjj .dj<Ljjj^j3lj (^<LJJjjj jLi (j-lj-ifi ^d-Jdjlj^ 

(jd l<L> j£ |j<L_>jjlj (_j<i ><Uj jlj (»<LJ .O—udJ lj__xL> jjUi (j£<L_xLl> jlj 

(»«_ j .(auxochrome) «_ mCiaj 4 _£<Laj£ (_j4 _l<Laj£ <U<lU _-djjjjU 

<t_£ 4_>dj4j (jiuj4_j 4 » ...»j »» j_j (^£4_>jA j4j<tJ 4 I nnSjjJjU (_J<Ll<Laj£ 
j (-> i7i >jjtj (jJLÛuj<L> <U<L^jdj j Jj<L^ (jjjiUujj d jjj jj jj (jjJ> 4jjjaJ 
4_SjJ ( j'sj .7 ,Uji j<LuxLl jUjdlmlj (jjiljjJJ c^idj jjjjjULui .(_5 jjU 

jLxlJ 4 <4<jl (j_ûUji 4_jU (_yijjl.jjijU<L> (Jjuj4_j jj_Uj JJL_alj 

^djljjL^ jLi<U 4^4jiUji <_,iJj£ j»jii jUiU j jjiji (jli! (_,.£4jdjljr^ 

j<L^<lJ .4_>jjlj (jjU<L^ja»j (jU4»j<Lui j^j4*‘ V ‘(]< V ‘» j'JUxLxU I '~ j*j4 ■.. 
4—jjj Jj -i (j^Jjj^ ^yjJj^dJt-alj j_> (jjilj-jdJ jrJUxL-j <lj-uîidj4j 
jUajr^ >~L (jujidj < ■ <*»*j (jjjj ui£jj0J (j»l >*>4 j djjU (jj*‘ V ‘(]*jl<4 ■ 
<U<L>jjUu!j_> (jjiIJ-idJ .(jjiJj (j‘> >1 >*>4j jjJdJ (jjj <U (jj<UdJ Ou»J 
(j_UJIjj J jrJjj<L_j<Ll d JJ jJ J '*<4 ^ .(jjj__> (»Uj<L_j d4 ‘4< ■j '*»4 ->-4. 

Uajjj aj<Ljjjjjilj ^4_>jja jti dj<Ua (jjjj) djjjJdjj jjU 
I Jj4_ui4j (_ya jj I i i jl û (jjjjjJûjjjL* JjUU j»jjuiljjj ^yjlajjj 4iljjJ 
jr I >*>4 j jjLj JJ **4 < ‘~ .^j_j (^ < ■ *■ ■ ■" 4 j>>aJ <l_£djljrd (_y <*» A J .4 ^ > 
(jjLajj^ 4jljjJ Jt>j l_r;U jUuiU .JJu d >*> l.'Ajd\.'j< .al~ (^d<Lujjj<Ll 
4 < * Ij<l£ jljruû (»<L> j4ui4j -1 jj jjj (jd.jjjJd jj jj U (jjujj<U *j »■ <i Ij j» 
(»j4_£ IJ j2j_S jj L_> jLi<U Ojj4_S*j jUj_uijJ (_^4_>ajl j\S j4-i d-ûU 
<L_LjU .dj4-jjjdJ L_m. I J<Ld<L>jjj u ‘“4 1 (jîidj (^d<L>jjjuûjj .O—>j!*J 

4 jU jUuiiU (Soak) 4** v * ...jûu Ij *■ ■ 1 ■*»4*. jl jj -.41 dj-uiiUji 

I J-ajj • <iL>j ■ (_yjl_ajjS 4_jl jjJ Jj\j£ (jîij_j (jd<L_>i>jljrd<Ll 4<4 i7iUjj 
J_j (_J4_>jj (jjilj-JdJ .O-JJJJ (judj J4 <j<*,Aj 4^4 uiUji 4 < . j>jJ_j 

(Sulfathalidine) jjj_iJljliJ4ui ^du-><La. -jj &j ajULi jUjjj (jjjoooJ 

j<Ujj <oLj liJ4_ui Ju^tlui (phthaly sulfa thiazole) (_g4^4utia >S ajli^S 
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Ij .Jt_> 1 ^4_£4JD 4_aljb jjj_> j4_>_>jb. j_ûûi>J 

d »~l< * jl laIjU _jjj j4_J jljt_L3. ‘A.'.'l/I Jj 4 ->.d< 

Jj^djLob ■*•■'» ijj4 ‘ jjulj JjS 11 duJjd dLljûlj ^Lûjj j4d4j ■*•■'■ ijj41 

j£4_)<Laj£ j jjjj4_> J^4_jjd_> 4_>4jlj4j . 4_oJjb (jij_j jd*j (JJ—jûijj4d 
jJ^4_i 'jlJt-> ijjjj-} O-luJjJ j-> j-i O x ' J JJJ jlj4-j jl/LLi 

i^4_J4_aj£ Ij_ iÛj 4^ (benzaldehyde) JtfjJ_Iajj4j 4djj_ >4 _ujlj 

,4_>4j& ^jI jl_> jjj_> jlj4_& djLujjji O j4_jjjj4j ^4_S.J4j4j 4d*jl^jjj4j 
IjLS (J4_)4_a jS J-j4_4> j)4_^4j jjji4_> (£4jjj4j4£ jjj4_SjJjJJ Ij 4_jlj4d 
C> <«>lj 4j4 ~> i» j j»4_i ^ j4j . jj 4d4j|jb ^jijJ (jij j>'i ' " JjJ (JjI_1jj<jJj4j 
4_>ljjj (jJL>uuu£jjJjL a (J4d4jj£ j jj j>4_> (j4_Sj4j4d Jjjjj 4jjjJk. 4_ui 
^j_Ljut_j idjûj—j ^4__>^4J iC>4__>b J ^yjlJl_j (j>j_> d >ijja. 4>4 > 

dUib—ujjjjjU ^j-uîi jj j(J__>j4_j (jjjitj •■■) (propionitrile) jj_>jjjj 

jjJ j»4_j .4_jljb (j>j_> dd j jL_kjjj J ‘ Ij _ij jLkjjjj4_> (J4_SJ4 j4S 

j OH ^j U4j4_sj£ ^jjj_Lû4j (jj4j jj-JJ d4j4j jjj JjJjIj j. j4jJJjLa 

■ jj Ij L>a. 4 <4 *> >jj4j 4&J4j j4_u»4j OCH3 
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— Lsj4_j j ■" ÛOJ Jj4j ^jjJlîi4j — lSJ4j .(jjljjj (jJjU (jjb (jdjjjlj 

(recrystallization) jjjj_b öjt jjjJ (JjIjj^4_> 4 £4i_iJl ls4_i 

j1 1 >~>b A j A j d <■!*-_ 4 ^>jj > r'.i > >4J 4<41 i7> ^jbjj4_j -6j4__>jj£dj£b 
. 4 _Sj |J4 ^4-ulj j 4_> jLi (j4£jjj~j 1 V 1 >~> j4_uu4j j.jj4_j Jj 14 J *»l >J a 
dJjjdJjj j4_Sj (»j4_^ ljj jjJ_j (JjLJ JjUj4_^ jb4j 4 <0 LIJj4_> I *■ *‘‘ 
• dj4_JjjJdJ (jjlj4-i4_> 4_SdJjdj djjJ-uLb J^JjLi 4 _Sj j_i Jj4^j4_j 
(jjj_ûûjj (j^jj4_u» jj_> IJj4_j j li A j d < * 4 < d “j* 1 < Jj IIj\d j Luu b 

(J4_bjjdj ll~ ....j< (jjj> ,7 i4j 4_j JJ_> J <>'■■ jLj. ‘i jjJt-jÎ4 j jjbLi 


■ j J J d j 

jbi jjjj_I4_a (jjjlljjjj4_S 4_>4A jlj£jjl_>J (j-3dj (jdJjL_j dbj i4* 

jj4 > >Saj ^yU-jJ4_J jj. j4j_jj>I j t_ilj (jj_ll^_> Ijj4__uu4j (Sublimation) 
• ûjj-f ^J 1 >» <>Ljj4_j tf^j^Li j_> ^-lijJ j-> jjjj-^J 

4 'ilS.4j 4_£dJjb . j 11 111 >j£ j_> Jj4_ju>j£*J C> ■ u4-u djl_> jjJ 4 S4 ot4 4) 
jLi Jj4_Uj jruJL.jj 4 .j 4 J (>4_£ < ‘J * . Ajd ~ “A.' dl_> jl< A JJ -ud'iLA 

.4 ûuj-ljlJ ^yjljjLS j< * ad * d ‘ d * 4<4 |7|JÛÛ (^j4_uuu j*> i'.'ij.'.'i ^ < *jQi\.\ 
(j_jjJ»J 4 _£j j»j4_^ ftjJjL^ (_flj-a. (_^jj>4_> djdjjj4j 4d4_C/jjû> dj_SdJ 
4 —jjI jjb 4_S4 j4j (J*j*jL i (jj_>J j4_uu4j *> <*>'■■ 11 *aJ *» *»I<jH*Î ...ij< 

■ j ■'.'■ i '* .v > 4^JJj luu 


jj 1*3414) jj) (gjj j fcoljjli 

j_/^->J-^ j J J^bj-? (jJ-uu 4 A 4 j jjj jjj -4 j-> jLuujj j jbujj (j.i_uu 4 uî> 

- 1 JJ■ 4_j_b (^jjJJ (^4 ~‘l(] ■-*- j4_j ji4a. jjrUdJ 4j4jl>jj4j4j jja-J. j24j 
4_jLûj JJJLj jij,- L>b .O.JJ4_i jLaijjd jj_> (j.~j >i)4 4> j4_£4j Q “ A ' 
j_uûjj. jj_> jljdjjLJJ (^JJJLj) djJ_i4uS (^_a.jj i'(^_a. j4—uu 4_jlSjJ 
? jijj (jJ JjlL 4jijib jbijj jj (jilj4j ljijjl^4l 
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>at"4 I ^jj|jJiaj ji »< v » < *>4 a jjjjL_> ^jjjo—i Qla Lii 

f*j2l» 

>S*$ Û^-jjJjU (^-LJjjSjS jjji4Ê 4jJj<tj tyjljj^ <J*J^ JJ»4-A 
‘LjjjjJ j4j 14 'ijy jjJjU (JJ-jJjÊjÊ j<Lj t«ulj jjj jmjj ^t Sljft <_,ijJ 
Ci ii )jjJ ij\ji-Ê»jji (jn i ) ^<t Sl ift ‘‘ ‘~jj 'J I (_£<LiIjIjSjijLj <LlLi aAj 
jûjj4—j ijj—Êj JJ l_ a L jj^jjj _ilA gj _ iJjSjÊ (Jjj\ j-jJJ ■ O.—uJJ 

e>j I_S j»<t_j . I '< v . ,t.j~ Jj _2<U jl_£ljJl£ j_ iJjÊjÊ ijjjjÊÊjJj\ÊJ—i 

<lj<LIjjL» j»j_j (_ y S<t_j<ti jjaj (Formaldehyde) j_iL^,jjJ<ujJs .<i Jjjjjtaj 

Jl^jj—ILjJj (_jjl_J ^<L_iajlj^ jl_jj^jj .(dj—tj) <L_«ujjj jLjjj<t_2 
j-i j—Cjjj. jjj jt_ûjj j_j (^jLajL^jjJjj (jjAÊajj ...a,' ^jL_ ujLj<l 

(jjj _ uj ijjj—i j—Sdj (j<L_^<Lijj (acetaldehyde) jLqjjJLI •.■<»‘* <i_jjjjû 

.,". ■ ■ A ... Jjj t .~J JjflCtJ ^yjl m < sjj<Ll jLsjjJ Lj—U<|<L . Jjj'jJ—Ê 

jlj<L_J I i. (jÊjÊ .vj<t£<L d_iJ jÊjÊ jöjjjJ I (jÊjÊ .i.j<l2 

<jILajjS <LiljjJ (jjLi jÊ<Ljaj\j<Ê Ladtjj ajOjJ-Êjjjjj l .tS j-L I Jj<L<U 

*J<l_jj u t ‘~<» j Jj(< tj ‘-J I .»1 JJjjJ '*»<I -t (jLlJJ<L .<t£j jj (jjj l.iilijj 

jj djdJjdj<U <L^ djj <LÊOj\jÊ jÊjjj (jjljjÊ (jŞij<Luu <<tidjljrt2 jlj 
.<t_j(III) fjj-S (jJj-JÎ. (jjj j i~î n ijjJ (jjJi<L_i jîtJj<t_J (jjj-^öJ jj<(— uu 
(_g jA<t_i 4_j j_iL^- ijJQj_uu<ti j.j j uiÊjjgj <l£<l ' ii<t i Jj C < t<< i i jj_ I 

^j-Êaj j<t_S<L .dj<Ljj—uuljdJ djjj<t_S (jj i iii (jjj-> jÊajJ-Ê (j<Lijj j<Lj 
(£jji—Ê (j<L-Ê <t I M<t j <l_S» j (_£<L_Sia. (ethylene radical) (jd_i_j<L_j 
j<lj -O-JJdJ O iii jjJ (acrolein) jdjjS<t_i Ij<t_j jj<LlijSj jjL^jjJL jji 
Jj^Lj (glycerol) Jju mjlS <U (jjjljjaJ j<LCijSU jjjj ^jji <L-iJjj£<ti 

jli dj<ûj f»jj-<-uLjjj (jjja.jjjjU ijj I JjÊjÊ<U dijj .(jj ^M -.ijjj jjj 

<L-ÊOjjaJ 4 < * Ijj4 m<L (jjjjj4—J<Uji (_yijj4_J <_>j_Jj jjJ j <J_ijijJ 

jÊmjjj-i a jdjdJ 4 -jjJ<LJJ jdJ (_g4 j ■ Ijj<4‘‘ j4_j .<l£.j jJ<t_s jLS (jljŞk<L 

. d j 41 ■ 'Jj-v dj Ct jjJ jli (jilS<Laj ‘t aj j<l<iS <l<la (Jjjj 
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<(Molecular structure) (jJ j<t_S I ji<i_S (^Siil jj_S tjj<L_S 

jji .J j LjJJJLji j»4_S<L . IJJJJU jj jj<u (^i4j4jj (jÊlij IjjS (jjA <LjlJ JJ 

^djjj 4__i<L& (^.jt—uili (j5Ljjl_3 ^jjj<t_S (Vanilin) jrOLjL_S a—ijjjaJ 

<^jilj_jdJ j4—Ijjjî <jS4—j<GjSjdj jr0LjL_3 -4—jjjj £_i jl__jdJjLa 
Jj4SJ<t_j ^yS^L-J^ijSjdj jlj—jj (^jjjSiJjlSj—l (jiuj<L_J Jj<Ljj—<-u Ljj 
. CllJJJ ( J _l<LC,j<Ldj (^S-lSjjj<tS (III) juili (Jjjjjis j jrOLitS 
IJ_l<tS<Ljj jûJJLj (jJj4_S ^“1 Q< ■ ‘ jljjj4_J d<t_ljjdjj<L 0J_A L.jL 
jjj (jdjLijdJ jljSjj<Luu<L a ~i ê i S <L jjjj (jS<LjdjjJjru 1 1 iii Vi V<t_i<LiS> 
.ajjJlj jjj <L<U<LUU<LJ JjSL 4-i<Lui.LS ji4i <tSij2u 4 < <•< 
j_J (jjjlj_jJJ d jjjj J<L & (jJ»J4_S 4_J<L& 4—11J j<t_j I ' "■<j4i J<t_S<U 
jLSdjl jLll. jjjLj ijj LSjj j<t_S (jjji .~.Aj .tdA ^M<Ajd ~. .(i< ■ i <ljLjj 
C i *< d<t_ijS»j IjjLCijkU jt <4 < 4 *<tp< ■ < Çi ijoj 4_><la jl_Ljj jU<t_4i<tS 
lil j 4 _Lj j<tS j»l_S 4 < <*< uSjj_S .Ci l 14 A jl <~l o< > < <LuiljiijJ jlj4_& <GI j 
. jj4_A |jjljS-ljLlJ (^S-lJ j<lS<U jr^jjûLi JjSLl jrua. uuSjj kjjjjLS 
ij-iJJ <lS<L ddj jLjjLS<Ljj (jjjl Jj<tS j4i<tS 4 _i*j<L<lS <tS<lSijS <U<Luu4 n 
jjj-J <’l, ilLS <4—ilJdjjJ 4_S<tSjjru . Ci _u d<t_i ddj jLjj 4 _s (jj<t_Sj<L 

4—SdjL jÊjJ j4— S<tS 4_idj<ti CiljJJ jjj (jdj<t__j CuJ4_SJJ d<t_i»JJlj 

j<t—jljii ^4—Lli Lf Sjjjj<L_S Ci<t _uli (receptor) j-êjjÊjJj <t_ilS»j 

jÊdjJjjd Ci (slot) jjjj j 4 i . (_^i<Lj_l jlj_l j<tSdjjJ jL <UjL4J <tS»Jj<tS 
jG (jS<Ljlilj 4 j .djljSjjLlJ (^SiJj 4 _S (JJjlCÛ jSd j 4 -S 4 -j<U (jj<LjlI 
jjj (j<mjjj.J|U (U<t_j . 4 _llj jji j(J iK (_^ 4 < 4 •< <-U •< ■ jÊJj <L 4 j-iajj ji 4 i 

jLSdjljilj 4 _ijj j jj<lu . jlS<Lijj (ji J jSjiJj-j j_i CiL* jlS<t_j jJj-S 

: djdjljj. (jdjjL. Oj<tL. ji4i JJ jjjljS_Ci<Llj 
j4_j ^‘L-fjJj jjiLS jdLuuulJ <J)j—S . li£.4_j tjijLÎ. <j_ji ‘j4—SjJ 

1J4 S >al ~4 t (jjjlj_jaJ 4_|<U jLajOj4 (j4__ilijj j<t j (j4_jljjL 

j<t_j j <j S< »j|_aL Ijjjl uu<LCuij<U jl—i 4_iljji jt_i_uCiL (jjj^L<t_S 
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j<Lj .<LjjQj<u j<L» (jjju (_jjljduu^jj<L» <iS (pinene) <QûjIj (turpentine) 

■ <L»ljJJ ^yjljjJ ^< ‘ '*“» ■ J<LU<LLI<L 1 ^2<l><lL> jLj jjQj<L> 
. Jj< lL» j_u» L»j ^yj Ljj» Ij<L» j <j *»»*»<I < »*<ljjj dj_j<L» (Jjjlj_j*J 

jLj 4 ~»J<A.' »J I ...1~J' ^jQ<L_^j<Ljj4j ( _ y £<L_»*jlj\£ d '~l< (jluj4 _j 

■ j_I Ij_Q (_gjljJ < ‘‘ (_yjjQj4 * j4—J < ‘ <J I' '*»<< ->■<<< dj^ljj4 » 

jl_)J <d<L»jj_uu Qjj ^JU4_li<LaJ<L) (J<Ld<L»jl j<lLj4j 4 Sj»j I J_aL»j<Q4j 

1 ^JJ—uu^JJ 4—iljjJ (^djl—3 t^4jjji—Jjjj j j—JJjQ 

. (jJdjluujj J 


(^_»j24 Ş i*j (jjA4_»<d 4_»<L* < «*«j » jU (jjQÛ4j j4j Jj<L»Ij<Lj_u<L» 

<llûjj jj-il^jjJ^j j(ketone) (jj ';<) jj*j (jjU^jljl-ta. jjjQ ^jjJQ 

(J Jjl4_) ^SdjCLuu ^y^<L»aj l |7|<L» jU (^jjj jj4j j 'A 't. ..Jj.' jQ4 1J 1 j4j 

hetrocyclic ) d<uj jj__^U 4_JJ<U (jJljj—ijji jLfrjjJ^Q jj__» 

^Jjj 4_£ djjS4_<i)4J <l_j<QjjU j»4__J (jjjlj_L»aj .(aldehyde furfural 

(jjA<L_» j“4<Aj< 4 .7, (jjjj^jj4 *j4 » (jjl»J_JJ (_jjjjjL_S (J4 _JjJ j4d 


jl jjj jlU j»<Ld ^j^jjj .o_jj^dJ *jL«U l '<« - j" JoUoJ <lLL<U ^ <■'jl£ 
^yUjjjldjj^U (_jjiijj4j 4UdjlJdJjU t0j<Qjj£j3Q (^4jjjj jU dj<d_» 
JjLuu (_£ljJ .Q ilj£aJ j,SjjL» 4_1 j ^j<Ld 4 <4 ld< »•; !-».•» .«» 4 U_»j4j jjjj 
4 < « (jji *<jl A ^jjJ j « 1 » (_yjUjJjK4 t 4<4 «««jj L<Qij a4^ » A (^4»j4-jJj£ 

Ij_alij4_i4j 4 < . ^_aj4_2 Ojl_ ijj J j4 < » j—J (_jjLU d_ijjj I a. j U 

(J4_S<Llj<LjjQ 4-U j»4j 4_£ Cu.J_l4_.AJJ 4 < 4.14 a j<L_^4j 4_d<Ljljjijji 

0j4 ‘« 'j< »41" ^lj_ jUj4j<L| jUjjj_UIJ (J<L_jlj<U »dj4~ »J UdJ 

(_jjjJLU jjj (£0j4__iJj£j3Q jjlj__3dJ djjJj__S Ij—J<4 jl£<l— jjI j aj*\ 

(jl_14 iS (J j IJJ—_j 4 *»4 < *. 1 . » j j*J | _ I J-*»4 “. jj j jj JjUoJ I sU 

Od4_ldJj|j jr» II .44 *»4 I dj_Jj<Li) . <Lj Ujj j<tU (^j<Ljjjjj *.l*> »0 »4 »j4 . 

(Jj4 %. (^jlj <4 < .t ^jj_) J_£oj (_J4 _£4jj44d Oj j4 < « O . «>J>J 

• Ojj JQ»4jjj j(acacia) 
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(^Jjj*ûJ 4£jj-j. djlj_uuU jUjjj<LÊ ^ j4-jjj (^Jlu4U <UIjjJ ^jj 
<**«jl J "»j*» ^< »*»»l <4 < j_j ^<4 »ajjta .OJ JjQ<L_» I ' »jl . ..*»! »jA,'41 

jj_i jjj_» ^jjljUîdj .(iodoform) <t_ajji jjj_» aj 4 ~»*»j' ju (Clinic) 
Ld. _^< j4< (jjdU JjU.L> jjJ . j_l<Ld_» djLaU (_J 1 ‘*»4 Jj (< '4 J J<lU<lI 

4»j 4JD jjj ^< 'll*t...Jj< J*)4 -\, J 1 »I iL. I'j4 1 jlj Jj4d_l ^ I »*»4 ‘» jj(]< 14 ‘»4 I 

jj_> (_j4 »jj 4_S»jjj in ....j< ^"1 .-^4 1 (jjjljLiaj ) 4 <4L I 'j4_» jiu 

(njjjju-u (_£JJ-jdjjJ_»U (_JdjljrL^ jQidj (( J 1 J Q * jl^4-J jlj-lûjjj jU<LJ 
^jjdjLj • j-jjuU 4 _dajjj (_j_^jdj j£ 0 jl_j dj 4 _d<U.ljj<L jLU dj<Ld_» 
(_Jdj4_U (^ljJ 4 < . ^J<L^ lj_jJ<L^ (_JjlU (_jU.j jLaj4_U jU<t_l 4 <4LI.1 j 4_» 
■ j 1 * 1*1 ) )JJ CHlj (»Jji jjj_» (J Jj4»j jJlluJj£ .»j4jj 4£»J Jjla-u 4_jJjlj.j 
.0 ->JjQ<L 0J0_j4<**»J U. jU*J I ' ‘< 1 ".‘j ‘4 I 4_ajji jjjj j»<U 
<UIj4~ • .»4*■ J<U .<L)<Lfc jU j0j jj_a (^LûjU. < »*»j_< jQoj4*i«n<U jjj<L 6 

. jjj_ddJ 0 JL_aU jl<4 lj|]< 14‘» j 4 _U<L) jl <4 ■ 1 aI '*. 44 IQJJ ^<»Ijl£<L_l 
.(_yjJjd_aj4_d<L (jiijj4_U jjj_£j 0jL_aU (_yjl_tuU4j (jjjlj_J 0 J Uojj4_0 
-U^ jdjlj 4 ^J<LU J^lj_j4j ( J^j « » jj (jAj^4-A-“ 
.(waterbath) IJjU (^UUjLa j<l^<U .q.«) 4 -L ^^Ujj j^j^ 
(^jLajji) djjjji (jAjJ j(isosmyl) Jjj4j jjjU Jj$U<Q ^j<Quu<U 

•OjJ J (£ 0 jjJ<U (jjja (J;La<UjjjU 
jjjlU (^jISjj-u) dj£jjj> (_j-Ojj j J-jjjjj jjjlU J j ( 3 *\ 1 4 J (_gj4 *i i ii<U 
J^AjûA** (^jQj-uu (^jj_» .<Lu«UU<U (_,jj_» j^ 0 j .(_£<Ld<Ujj (J_Qjjj 
. 4 ija 4 . ..U (^jjj J-^dJ Jjjjj<L» (jjLajji ^jj »<L_»laj<Lii ^jj j_^ 0 j 
lP>^ (^jj-? J-£*J JA 4 -® J-A^ (jjLajji (^jj_» I j <:}*i Q<Ll 

. (chry sauthemum) 

(_j»4jjlj (_£0JjLa (_yj JJJ (_£jA4j jl<4 ■" .7 .jjjjj 4_a<Uj4j ^j<L)jU (_^jjj 
j . 1*1 *.4 . j4__j ^<Aj4 (Jj4 *»»(]< »» '4-Ujjajjj . o_ JJ0û Ij_iljjj 
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<_j> 1^4-1 (dj_Aaj jjy u-idLÎa-a \ ji-Ê ‘tJ 

J.J.J4—4 (_Jj4_ijj Ij4_j j“'* V *Q‘jl<4 | IJjl^j<U& Ij J4_! ^ I J 

(_j<LS<(jjj <(_jdJjL» j»<(_j jjajl •■■jj ' (nerolin 1) (1 jşJjjru) Jj_u»a<(j 
.OoJjtS4j IjjjJ (_jjLu*«LÖjj<(J (^jjj<4 J<Luuitö^ <Uj^ ^yjjj j£dj 

(jLfjjJluUuT 4jlj^ ^4fiÛi0j 4fla J LLm 

*J<( i<(_ijJJ :jjl£L*du jjj jl ■< *<<> * . jj > laj4 ‘‘ o j<(—j 'j< » 4 Lj jjJ 

J-Jj ^,-jljijj ^djlj^ djLj jLj dj<L-ij O m i jt . (^Jj-Lu (jajlj^<(—l 

i» d jjj .(jJtt jl n ijjJ J_jj <_£J— Ijj-1£ ( ^j < <> ^<4j j~i ‘Mj'i ( j> < Ir I» tt4 
Q ■ <i<( ~u ^Jjdj-£ ^j_Ojj<iJ <J<l_><L>jJj Jj4 a. . djjJLj jlj*>j<(-jJj*L 1 ÎL> 
jL<u i_>j.Jj ujjJj ^yjL jjj<(_> laJ *‘* »j<Lj j£-ûL ^<<< >»jjj jti 4 j<i£j 

<lSi> j4j Jj£ löL (_Jjj_> .4-S.J IJj<Luuu<L> Q uu<La. i ? i.jijoLj ^ .T.j"d I (^J_j 
|jj<Luu<L> ^jj_>jj<Lj<Ll ■’( * > jj J j’lj^u laj *‘* *j*j<iLj Jjluu IjjjLuu ^ j LdJ 

4_£ (Sj_SL> cl<l__><LIj<LaJJ<L> < <Ajd~..'j< .al" ^jj__> (_gj4 m jl-CûL .< < ■ 

<(—SajÖJjlojLj (JjJ—i (j—)l>i. OJ-Lj (_5j-LjJ (J<L_ÖjjÖ (j^4__UJjjj 

(J<(J=1 Ljj<t_l<(J (j-jL <L^djlj jjOJ<L^ (J<lL ) <lSj j»J<L^ IJjL ^ijjLaj4^<U 

<lSj jljû (jjjttj<Luu ‘ ‘'! ■<<( (jj. jj<La> ^jljJ . (O ti-> j<( > i~i (jJ<Luu 

(jj t?jL la. j^.J<L^ (2-1) jjj (_Jdj<Ljjij30 ^d^Ujjj dj<L% 
(£dj<l_jj4j<U OÛJ îj (^alJlu ^yjj-i -ttj j il <» jjJ (^<(_i>jj4j jjLlö j<(_j 
j^djj<(_tt .<t_£<L>jjj <*“ j~ . a.i ajLuujjS jL<(_l 4 <4 j ‘j~“> * jjLLj 

<(jl j^jl jt^ j» < L^‘4 <jjj-j jljLua. dLjl jjj <L£dj4jJj£j30 jjJ j Ujjjt 

.OlJttJ JJJ lj£<L>4Sj_^, < V ‘~j<L-£ ‘*‘4 -*- 4 I j^-it—uuL ^aj4_^ (^<LL<U 
4 *~ j j<l_> jL<l_a<L .O—ijttJ j_yjJj£-aj<L^ <'l i‘j<(Jjj. jj<La> jj jLuaJjjJ 
J_>jjii jj_>j ^j> li<Ljjj Lxli I Jdj4_i Jj£_>3 lj jj<L£<L><U : *j<Lj_>j£*J jjjj 
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jLuûL j(Beaker) A j d < j4< .> jQ *>j 4 <t > jUlj>j<L<(J Lu ^<~^j d <jj i 

4 <»j*i?4C > > ■*** . .‘4 -L. ^< *. lj <j < ^ .".j >4 I <t_£jJ 4 <4H.j4 t ^<4 ‘jj A 

j£*jL_i .<( *> > f>j<(—S jl—£ (£lj—a. j—ajj j—£_>j£ j4—uu<(J 0j4—jl. (‘j jj <L 
djJ_j<LA jttjttj4 < 1 JjLuUU 4 < Aj4 < . . .-■ ‘ > >1 ^<4 *~‘JJ a. <t_^dj J<(^_LJ 

<t_jtj_u < ‘*«j»t4 ... .~J~ II j ...‘J< j-u.4 >~ ...A.t j4 < ‘ ‘~ ... .jL 

4 <Aj4< .. (^jtLuuu Ij4_j Jjj4_j IJ ><(_> JJ~ ■*> j 4_S<L j ." LaJ jruJLji 

<l£*j<ULu jtj (_g<L^41 >7i jl-CiL . (<L:u.itj) 4>j£jj<L jL dj<La_u j<Lûûjjj|j 
(_g .lj .■>‘> jjJ->U (£<l_lj£jdJ<U jljjJ Jjû.l_> t_a. a *>j*s j .j4^ jdj_jjj 
‘*‘4 jj 4 <UjV4< >*î Ujlj-< j 1 <4 11~ ■•‘Jj< jLi Jj<t^.J jtL Jjuj UuuLjj 
4 * ■ ■ j I * J<(_J IJ ‘l'v*4‘4( 4 < * — j4 < jLS ^<4 >lj -v j<L_u><(J ‘Jji^4_JJ-L 

o j_û < ‘-L. I.'j 4 . jtj <LL>j£aJ jjjLuujjJ ^Jjii<L LLu (_^4 >>.•:..«(j-L. 

jLuûL A J A j4 < * LjuU jjj jLj (jjuS<L> 4 <Ajj~ ■*:. t*>4 I <t-^Jjljr>£ J L'Uj_> 

.(frltrate) 4 £<LjSÎL jL 4 j<i£j <_>jJj ujjlJ O>>>4~u ^£_> Jj^j^ ^cûjj 

jtt jJj<l£j Luu <t_i Jjl IjjS<U jjj 2 L> (J jA4_> 4ii> JJ~ ‘*. <Lj j Jtt4 *>LLu 

jj 1 ■'■i 

J(j—L24 _j J j0*^1 4 J jttj4_iJjij3lj ^4-jjjj jLL dj<LÛuj 4^ttjlj *> êi j 
jL<t_J 4 <4 ..jjj .<t_^.j | Jj4 i n<L ...jL ^Jj^j^ .~j~ ■•( jjjJj 
(JJjluLûb .O uai4 AttJ 4<4 tjp< J<L j£ajti .LL> (»j4S IjjL ^< ‘JLjj 4_S 
jjçjjjû) 4 _Jj_j 3<(—jLJj J J*> 4 J (_Jj 4 __Lû 4_£dj<Ljj£j3lj (_£jj—> jt-i 

^£<l_>4jj jL<i£ (jjJdJ j_j (bromelia) jiit >1 >njjj Jji.L_> (Nerolinll) 

j4_J . 4—JÛJJU J jj—^ (j>j—J J—St>j (_j4_S<Lj> J<L_öji. jj_j j<L_L)<Ls 


: jdjjau>4j djlJ JLjjj (£4jl£jJjl£ 
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t^jjjL-j jj4_&Ll (j-ujûl-i ($*jj 4—Jj Kljft :(12) jjj 

(Y ^£djdj<û) 4^4 > >« djdj4lî j4_i_u4j 4^4 ^.jJj l£ ^-a4 Y n > < n ^djjj 
d" i^t j C <j i i j K I» a ^£jJ 1^4J 4 ^4 4>^ ** *««*. n j J ^. a \ c4-ilj^dtlûlj i**i-tj j^jlj 
‘4-jlj *jjj (JjZ jj«L 4ijja. j£t>j ‘&JJŞ' J^j Ij4j jJ 

jt-j 4_>4jljdj :OL£j lj_><u dUjij_Ûû<Ll 4_£djjj <4iu~ ■•■ »•■■ j4_j j—i*J 

^4-iU£4*dj4A ^4-Ija. ^j-aLLjJ-j M—^djj 4-Sj£<Ll ^4-JûjjJ 

(_jjj4_i ■ Ii-L.d I ajdjijr ■ ..ij< .~>_i jj < ■ o uidJ dj4_iL£<Kji4J 

.(spontaneous) 4 jjj. 4 J M+^jûljû_l jÊ JL »ji ^lUj. jj 4 j 4 _ijK.Jj.j 1 

a<a -j"....... *»i <aj_C v .-«. i\ öjIj . 4 K 4 JjKlla jjLSsjjOj 4 JLL c4jilj4j 

j4j .^<Lto jK-U. djLl jj dj4_jjj4jjJ ... *... juLuilj j jjjjjdJ 

jjj.jjj U)4J dj4il jLjjjI jj .SjlIjjjl III 11 (12) (J4 jjj4j (J4_JjKI ■ A 

d-jJjK ^yjjiLjjS C(jJ_uijU (£j_j (jjjj4_i jJdj4_a4j djj (£j<L_jj4j 
4j4i.lijS Mija-uiJJjdj^J tr»J d J J«^«|J 4j4jjJjtj (^jdjjj j (^jjjidJ 

4—Sji4j jjj4— t (_J4—j^t jjJ dj4jj- uUKjj djljjjJ4—J (jjilj—JdJ 

.(jjjjlj jLiiK4jI>4j JjKLi jKajjjjKjJjK 
dLuK j jjJjJ d4_j4j jIK sjjJjKjJjK >Jj<K dj£ JjK ^Iji>j 4i"4j 

.(repel) *j4jjKaj jjjJ djJ jLjj4£<u sjdjjsjKjji lIjJ 

LÛ4_j 4J . dj4_jjjdJ jj4_J IJ4-K4 jjK I i4i 4J 4£jjL>4_a. cdj4_jj4j4j 
j jJdJ CiiiiijjJ j4 114 a (_jJ_jdjL /.J Ajd * .I j_jjjKj^jdJjK 

KijLj4_i (j4_ajj (_Jj4jj4j 4_ui4jj4j .Q iiQJ ^jû (Jj4_jj4j 4£*jlj4«a. 

"l 12 


. ji-iJ <*l 11 » jljj4_i IJjL j4_1 ^Û4_i<Lu jlj j^4_i_uidJ jj*J_j4j (j._ûiJJJ 
. jdJdJjjj jjj (_^^4 jjIjjK4j jK4jjlji4jti <KlljK jjj» 4A t?4Kjji 
<j-AP K> ê<L ; jd-jJj^j^ (^jîijj (jlJJJ4J jjji4J d-KlljK (idjjJ4j 
jK4 _uijj jjJ 4_£ (jjji4_j jjûLi 4 _jjj£sJ ) Ci-Jj^JJ jjjuLj cdLijuli 

Ci_uijjj c_>4_a.jj> (Nitroninm) ^jjjjjjl—i ^jjjjL—j c jj4_KdjJ4Kjj 

CujdJ 

HNO 3 + 2H 2 S0 4 = H 3 0 + + 2HSO" 4 + NO + 2 

(jli4 1 i"i 4_£<Luji4j (Jjj4_j .4__iljjJ (_jjjji4-J 4 jlS ^j34 uî 

4_ajjjjjjL ^jjjLj J|4_^4J 4K 4 _jI jjj (H- electron) (jL j ^i jjK4_l4i 
. ji-JJ dLu ( n- complex) ^Lj ^jKjjjJLi j j4_S j jSÛJj l£ 4_S4 j 4jkjj 
4 _LÛJj<K jj4 _ui4j J *jJ ' Cll _SjU NO 2 ^jj4 _Ci. jj ^jjjjl _ j 

(_jj4jjj^.lj (12 (^4_jjj) •*.ji<>J 4j4-j4jjjj4j (J4_SJ4 j ('jiK4_ijjjK 

. jrçujjj djj ^4jjKJla>4j <K<KlJjlS ^yilJjJj ( Jjt>jjj) 











j a j ia. julidj jjjL£<t_l<l3 I.\d M< \ljl< j4_) 

•isî fAjL^ 

jjjJjj jljjLb jjjjJj (^Jj4^ ^J<*^<* J *-<- jjJjl^ <UjJ j<l£ j"i4mi jd_A 
tjj«(_j jljU. jjj£<L-l<L3 (j<«_Sjj<G <t£3j_a. djljLja. (jjU ^<(—>43 jjjj 
( ortho) j_jJj_j (^jjJ_U) (J<< <<»*< iajjJ ‘ 1a (J<> ^- -- (Jöj<LJ 4<t 1111 j<Luu 

<(_j<u jijjG ^‘LVÖ jjj jidj<(_j (jljjj .»j<ljjj^j (para) IjL-j Jj^Lu 

.(Meta) <Li Lllj jiuj<G 



ch 3 

Orto j 

fj) 0no 

Meta' 



Para 


Ijl—J jjj_3jjJ d<L_jUj<G jt—Ija (J—jljJ J__jjj_j (jjj-djjJ jjJ 
Ajj <d ‘J1 j~ I I~id rt (j<Ll<Loj£<U ^yj jjt£<(J<tj (Jj^. . <L<L& I J<l£4_l 3jJjj<(J 

<J<LÛj_a. Lj (^<L>»j I i7i<L Ij_ij<lI j<L^<Ljjjj<(J (J<l3J<(j jj »j<Ljjj_uiljSi>J 
<djjj IjJJ jLj3jjL£<t_l4j (£^a. (j<Llljjjjii j<(j (jjljJJ jj (>J»J ,jii<LjlJ 
djj<t_a.j<Lii (jrujj_jj (_£<l£<Lu Luu L3 fljj ûi4 * jjjj<Ll ‘<*»l (]< < < <(_||j jûlib 
(Jjj<t_4 (jjjji. .<t_Ljj <LÛ<Ljj jj<L (J<Ljjj<t~iin| J (jdj<(jl Jajllj J~1 (]< v < < j4j 

.(jjjjjjaJ j.~j < <*<jjTO Ij 
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.(Vjujjaj (Kjjjjjûlj (j<t£<lj<Li.jjs <ûjjlj j jjjj<tJ (^L djjJtj (jjjl^jj 
A J d '* V ‘C <V ‘j j * <>jJ'(*< .v.aja <td a (4 < <*< j.$ <-<- jjj ajjJLj j4j (ja j<l3j<l<lI 

,j<L <Luj£dJ 4jl j<Lj_lj (jijjdjJj (jli4^»j LxLjl. j jj ljj_u lj> j<Lji 

(jxL3j3<t_i j_3lj3»j Ojj<v . ..a, i (j<LjL j ajjJL3 j<t_3 .1 j_Jû>j<l3 J<i_^<lI 
i < < v .td< (§- complex) l^im (^jjjJLj jj jjjj^j jl jjj IJdj<tjljjLjjj 

LLl£ 4 < j<l L<Ll jû4_j jLA < « ' ~“I ■ (S jjjjjj L_3 (J<L_£<L<L^>jj <t_3jj 13 

4 t. 'jj^ j<t—3 .<3jI_ £jj <~< "‘jj ' <L_S<Ljjjj<L <t__3J<i3 jjt£<i_3 jjjL2<lJ 

4_£<Ljjj34j <t_II<Lj (jj»i.4_jjjj<Ll djLuijj >j<t_3jjjj<t_> (j4 j *•<-jj ' A 
<LjjJ (kjjjj/LiLj (J4_S<L4 js.jj <t_3jjL3 (j<U<L4ji.jj <t_Sjb jöjdjdJ 4 _jjJ 
jiL> I J<l£>j Lj 4_3 jjj lû <t_L> Jj<lS ~'< JJ j4_lu<L j4_j<Ljjjj<L (J4 _S,J<l3 j4_ju 
(_^. jJjj<t_> <L_j<Ljt^lift <t_J l «<t ■ .(^jjJLj (_jjj_> o mjjJ .dj<t_3i_udJ 
■öjljJ jLjii-û ( 4Û4 j Ljl^. dJTLajj (£djdj<Luu) ^jaj 
J<U<l3 JJj L£ <t_L> Jj<L^<LI 4_j.jjjj JjJ (_£>J4_j|JJJ Ljll. JJjUklj (JjK*) 4 a 
jj 4_^<tjjjjjj .4_ijjjjj j4_j (II- complex) 4 _jLj ^^jjjJLj (jÛjL^lj 
( jjjllj<t_J jjjj4_ft . a j4 j-jjj-aL3 I J4 _£<lLj (^jjJLj 4_J j_>jJ (j*s4 >JjLa 
4jjş_a<t_j (jjajj •■■jj■' jjjj<t_> jjû>l_3 IJ__aLU j<L<l) jdj<t_jjjdJ 4_£<L>L> 
<dj<Luj£dJ 4<s4 'i >jj<L j<Lu < <‘< la. jj J <1 A (_g4<L l~L jjL 13 (_ # £<L>4j<Laj£ 
. j_> jLSLui < v << Y ‘tI jLS<lS Cjjj<lSjjj»j Ij IjjLiia. IjjjjLjl (»<lS<l> <Ll<t£ 
j^jljLS ojjJJdJ jUJ jdjlj-uulj (_jjltj<t_> jjj IJ IJ aj<^ 4j <LSjjjt£ j»<tj 

<(cIcctroplii 111 c replacment rcaction) jl j-lL jjjL£<t_l<tj (_^<>j<Ljjj^ <^ 

(4-J4A jjj^4-l4j jj (_£jjj ^<Lj^jA <t£) <t£djljû- jjj£<t-)4j (_£4j<Laj£ 
jjjL^<U<tj <UdJjLa j<l 3 (jii_ljjjj<L j<LajjjjjL L3 ^j<La .jj ^jjj L3 IJdjjJ 

. O L£oj ‘i i > 1 J 

j jJjj—1£ <jlj—3. jjj^—I<t3 iS a J a —^ 

. » j<l3jjG*J (jiuj_J (_yjl£4_JJLajj<(J 4_JJJ13 JJL.l_> jjjj<t_> jjj j 4I4 ui 
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JLi J_j<U JJ J <(_1 *j<Lxjj<U (_£ 0 _S<L>OJi.jJ <LSi jLj (_J<LlJJJ J<L> . IJ *j_J 

4 <0 ' ‘"o a (_£OUo_a jS d J<LUJ<L1<LI .*j<l_ii>jlj£ Iujj. J <J I »~J /> (_£<U<La j£<U 

.CjJ j<L> jLj<U <L><La.ju <UjLj j<L> jûl jjL j 
(£jJ4-I j_£oj Ijlu JjûLj (£4-l<Laj£ (jjt-ilJ (5 jJ4J 


. IjiuuL /Sj d . t t d U C < 4_> jjjjj (^jjjdbj 
1 1 > ..Ijj I .4 j ial4<»> dj<L> j"l(j< v »» £ jjlO ^•»1'. v .ajKj »j ■ dJ-Jj<LA 


IjLj J-JjJJ ^jjl^OjjjÛxU (Jjjj4J jJjUtj 4jjjlj jjol 4 . ,i dj4jjjijSO<tJ 
(isomer) j<LajjjL j<lI ,-r»j*>)<>< »" jjjJ jj ^jjjL>Lj Lû<L><lI .Oljajjjj 
IjLj ^/.36 j jjjJjj jjulj j_Jjj_J ,//.60 4_J QjJ *^ lj> j(jjJ_a<LÊj4j 
Oj4_SjdJ jl—ajj . jjj_ljj jjûLj LLîla //4 L»j4_3 j jjj_ljj jjuLj 

I j > jjajlj (_g4 ~»jL3 />1jj S <J« >j j»ujj<L> jajj<t__> (^jjju l~»<t < 

jljj_^ j»l^4_S jl—ûlj jLjljlj jj-a. j»3f<L_> .oûj4_jdjjj (intermediate) 


O <»jjJ Ij^ »ljl< (^jljjjj ^jiLS<U (jjjajLj (££jjLa Lj jOIjjj jjj 
I J-i IS<L> jjJj L> <Lxljj3<Ll (^<UU jj*j Lj <LjjjIj j<Lj (J<Lilj<U»jj4j Vp > lOJ 


jfU_> j jSjS jd_>jûlj jUjjj j jjjj<L>) jISajjJ jSLUjLS dJJla j »'< »» 
j jjjjj4Jjl£4_i (jjjlj_3dJ (jjjj<L-> jjûLj) jl_Sdjj3U j»4_*j4j dJJl_a 

jLe4^4_i3>flj 4 a j '*' ■ ■ ■ a . uijjJ<U j><U Jj4 *» »j< « ^ ■"» Jjû.I » j »j ... ■< . 

ji *. a"j" ...L ji -<j »^ < 'i - ^ 1 j ‘JJ * LtjJj4 £ ^jJ "■*■»' jrv_>aj 

.ajjjjj <>"»*»»»<■' IjjljSjjL jJ ^< »"1<j 1 j.. »<<> 'A.'.'l/. g jd<dêj »*»... 
j<Ljl_>»jjjjjlj JJjl_a j4j JpljajJJj I.'jOSj '•»..■ jLj<U (jajliljj^ j4j 
jj.j4j_u»iljli ^jLiljoj Li<L3 (jjiljjdJ (jjjj4-> < jjajj-uujjj IjjjL<U 
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(jjj-iS<Lj<L> (_gja.<*< OLSaJ O j4j j> jjlaL (<_Ul<ui jljjjj) 8- /aift 

(_j<i l<LajS<U <ul j£ ölj .(maximum) aj j j (_^j4 jj<L Ijoûjj U j4 I 

jljL_J j__3jj_J (,^3 l^4jjj_ui<<U (54__iLjjjl^ j4__j J»j4—J 4—^4jjjLL 

.(jj< »j‘L ajlj 

^jjJ_û jUiJJ4Û jjdJj LaS >I<| /ilSajjJlj (j4jlj»jjUi j4j jÊ-jjÊ L 
jjjj3 j<L_££jj ^j4_jui<U jSdjj4_U <L_S<L><Li.ju 0_<jL . j-_> jL-uU-ljJ 
j£<PaJJ <»4 j <J<L_j jIjSjjLjJ (jjjjjLS (^4 _><UjJJ<U j 4 < <1 <LjjjUaJ 

(_jjjJL_i *»*»I o< »» .(j_> (jj»4_>lj I Jo_S<tjJ<L> jj a4 t> j4 <»4 j cloj.jj_..;*, 

jyjLuijj JjLj (_gOjOj (_y^4_j4j<uj^ (_Jj_Jjj_j (_yjjj_u«U <U la<j .» 

(J_jj4_a (jo_Jo_4jSod (j_> o »" ■ • ■ Ij joU OLiL A jlj '~'I ■"“’' OjOjljibOU 
cj—LUL ~ ■ •» »*»<>" (jo_S<L>jjjLS j4 <<< (jo_Sojoji.ju 4_SjL c)4_jojjI jL 
4Soj4_jj jjÊ j_> < Y ‘ljLS j jyJOJ j3 jn< i~i» <Ula< i< << (jjjJL IjuLUojoJ 

.OIjoj jjj jtjLuL 



(_jo_Jo_ajS <*l »"1< Ojj<L_SoJ Q <»OJ jl-< ■ ataÛ4 j g oj_> gj % j4 

..". «« 1" »■» . *» » 0 I <tS a JL L 



■com 














O-JjJJûJ <_,JJ (jijJjluujjJ (JJA •N 0 + 2 ^jjL 

•N0 2 ^bj j<K4L>Ljj4j 4ijjjKjjJjlA ^yj^jo (^jjjlj <_,^*j 

■t—j j j J(] * ■*! J ■ L^ i iii (jjjlLj (ja j4_j j_> jj^aj-Sjj <t_j l2a j j4_j 
<_£ 4_ajjiK.ua J4_J (j-jjJdJ j£djj4_a • jJJJ-J li-ilj ^j-JJ (jiajjdj4_l 
.djjltj jjj 4 jI jjj (jU^ 1..1 (jjjJlj j(jtj tjjjJlj (mechanism) 
j4_j dj4_jJj£j jjijûLj ^yjl^J—jjLSaJjjj 4_1 jLjljlj G »* 

djljJj-^ (j-fl (_5 jIj4LÎ4j JJ-*ljjlJ lj Jdj4_jdjljjjj 4 _SjjöJ (j^KlljK 

. a j4jjj 

j j 4J LfaJ 4J4Î4 c 

jji.L> jj jLa jjjjîLj jaj4j jjl jj4j ■*i...M(>»j» , i*,h jijj<i.A.< 

«l lU u ■"■ ij ^yjj >< ■ ...a ' (jIlxj LjIj) j* 1 < ■ jlKaJjL (jjjjJ4 ■» 

j_J jK4_>jJj4^ (Model) 4jjjjj j4_jjj dj4_jlj4^ (_jjl j4_j4j (4 i_ki4j_uulj 

(SJoSiJ cr 1 ^ u 

■ '* »J »< ^< »ljl < I t*tJ ~ ■*l'*jJ *t ■ j j jjljj J t.'j/tJ ■ j4j IjjÎjjjIj4J 

jj4-^» j-JöJ -jlj^4_i jljjdjL^ jdjj4_S jjj e? d j4-jjjjj (_Jjj*l4_j jjJ-J 
j* * j ■•■■» (J *»l . »1 ./. .< 4 i7jJJjji 4_SJJJ) j4_j (j j^4_j jliLu (^4_^jju 

;I Jj4-i ■ ■■»« »t__u ^jLLL»' jjjl ■ ■ ■ (JI *Ajd «_u4j ' j »j < ■ 

(Crick dLjj^) j 4 _Kljj_>i j(watson jj uûlj) j. ilCt m ^ljjdjdj_jjj 
fl jKj -L j-Jjlj (_j_uKjjJ (j-ji.jj (_jjL^.jj ^jJj^-ijL j< 4 j Jj^jl jj , . .u>J 
(^f'jj•■■ij^ (_gjl * •■■j> j 4 j DNA <tt_l Ljlj jLilj 4 _jLLlj j 4 _j .(DNA) 
ljjJkjK 4 _> jlj 4 j 4 ijj j 4 j jL 4 A jlJjdJdjjjj 4 _l 4 jK 4 _>JdjL jj 4 jjIijöj 

j_j ji>jjj*j4J djJl-uu jj4_a. (Linus pauling) .(dLjjJjL j.j ~. .!t»t < 

jl jj . ..OJ .JJ_> LlU (_5jK 4_> jrujjj (_,jKdJj4^ (_yjl I j'jjj ^Jj^JjLJ 
tDNA (J Jj4_l ^il<Ajd ~. .(|< . 1 4 jI>4j j_.t (J_)jjj (^.j 'j<~ ...JjJ4 j Jj_1 
j4j I aj »j . L 4 JL (jj4_tK Jj4_)lj j( jK) Ljjj (^jljjJk jK4_>4j (jlu j4j 
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djjl—a (_£jj4_D jO_j»J4J (LUj4__j »•! .< . 1 JLS j_j (j_jjlj J IJ 

jl_J. j J_j4A -jj-JJdJ jLûdjjiL ^4_4 j4j j j l< 4 4 4 1 > »>j4 »■■ 

djjl__a |^a4__^ < »j » d4_>ajL (_^ljJ4 < j^j4 <» 'j» ' 

I jI j dj4 jjiladj |J4 <4< v . Ijl£ j j ^4 S.j.j4j jl Söjj JjKjJ jK 

(^J-J ^ »4j jjjljijLS jLSöjjJ jS-jJjLS »Jjl_a j ja 4 A (j4_S_)jj 
(JftJjLa d.j J_i4_»b4K 4_>d j4j (J Lj L jj» j4-J . 4_a4d jjj 4 ^4 o4Aj4j 

.4j 4J> ! '■><■>< ■ Ijl£ ^j*>t4< y .~4 I (j jjûjL 
(^jLjJ 4__a«K jjj 4 _jjjj4j 4_jjjL j»4_j ^S l (jjjlj_SdJ jj-a. 

(£* j4-JJj4J J £dj dj4-jjJjllJ (jjL4 JjLjjj 4 <) j '.'O JjL> 

^*j4jjj4j jjjjjji jdj jjjj^4j4j (j^j^j^jL jdjtj (_g4it j . . i jS L^jj 
j ‘J~* ‘Ç' jt^4_> 4j_u>4j4_a (»4_J jj (jjjlj-jaJ t jjjK4_l4j <^ m IjLjSjaljL 
j jlJ4_£aJJL 4 J (j4j^4_aj^ j4_j (jûjLjaJ jajaj ^jLulj 4 LLjL£jj j4_> 
IJ_jKaJj4^4j (_^4_jitjJj4^ j 4—J (jjjLA Ij_*4jIjJ4j ^jajjj—J- J|4_^4j 
jL^4j (jjjlj_jJJ jL. djJ_i4jfc IJ >î>a j4j J|4_^4J . jjljLuu4j Jj4_S4j4j 

. jjj£j (^jLj jK4 > 1 jjajL 4 jjjL 
4 > jL j4 < 11 Jj4 ^ 1 o ■ " 4 L J-Lj Jjdj —^ J—ûûjj4J d4__>4jjJj 
jLiiL 4_£L lj4_S4jjJj j4jj>4j Jjjjj JjLL jdLjiaj I- 4 -*..‘. Jd4j4jl>Jjl) 
J-ij es-J^jLj jL> (kjj-uuljjj (j-jljLi) (-^ajjjjjuu (j-jljûi d4_>4jj^jdJ 
j4j .4_Sj I Jj4_>jj4j ( (jjjl^Jjl£4_> j»jjjjjuu (j-jljLi (jSL^lJ (jjjljjöJ 
■ö-JJJJ (_jjj4j_u JjiL £j-S Jjdj a ^J^i Oj jJöjjjuujjJ ^4_jdjljr^ 
j4_iLji»jL LiK > uu ajjJLj j4j (_jjA4_> 4ddjlj%S (_y^jdj4^ 4_j1j jdjL> 

. jjaj~i.il jjJ lJ4^4*».juL jt> jLd^j 
tl>4j£jjuu (jjLLIj djjÛ4J6 4 jjIjJ (*4j4£ OjjJj öj4j j4jj> jjJJ 
4_iKidj jL^idj 4 _jjjL j4_J (_jjjjJJ_uujjJ 4_S dj4_jdjjjjj jLdj4_j 
j_> dj4_K4_>J L jj4j 4_JJjL4j 4_Ljj jj'S 4 J4j (_Jdj4_jljjjj^ «I V.4 “»a 1 
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^4. 1i ^4^^j4—< «i ^jJj 1^4. Vtt4i jIuJj4 —\ ÛJijujj4j^J 

djdj<t—Ui (£4_£jj ^4—» -CH 3 4 _j*jU j 4__^<U . jjjjl_£ 

CH 3 - CH 2 - CH 3 (propane) j La jLijjj j<l^ Ij<lj jj<Laj *j<ti Ijuj<l 

■ ÛJ J<tdaJ .*** . .»A. \ 

(jJjjjjtU (propyl chloride) JjjJjj (_£j_ijJl£ a *s jljjj-a Ij n.niVt 

‘* *~*-Jj '_lU (_yjl£<l t».'j<l<<<t **l »<<< » j_>JJ j »<<< »~ ■ UjjJ jl_jJjJ 

<lS* jjlS (_£<i!jJ j<t^ (Jjjl jjJJ . jjjjj^j jjlS (_^<Ll<tijJ j4^4j <lS<LiLjjjj 
‘L_£ i*>J (_Jj<L_uj 1, Vi/i .ö-jjU O—ujjjJ ( jj 1 11 (_^j_jaj_^ (_5 j_jÎ)<lJ 
.<l£<Ljj_uu Jjj 1 ‘L 4 1 1 Jj<tS jlj < »»j~v » j Cj*» t »jj » _^Jlj j_J—j ^j^4j4jjL4 jji 
j »j »j »J 4 A 4jjla i"i 'LS-iS J j»ld !lj>J_l<L& j<Luu djjljuuujJ lj4j_lJ j«24_i 
j£>j<Lii JjU. l_l 4 j»>j 0j4 i»ij4j jj4_uu (»4_j ^iU<LjJjjU<L (_£<t_Si»>J j4_J 
(jijJjlS (_jj-u^jjJjL* djiU (jj<l£dJjdJ Ij V<tjdj<LÛuulj<>jli (_yijjjl^4j 

O mOJ jUjjLuuulj (_j_LjjJJJ JJJ Jjjd <dj 4 _JjjjSöJ Jjjdu 1 J<L) j4 uu 

(jjj^jjj »1* t*l jj 1£ .o jJj£»J IjjJ 4 uu (J<l_Ls 45<U <t_S ojj<l-£oj 

iso ) J-jjjjj jjjLj (_JJ_l Jjjj *j<Ljj ijjSjJ jjiS<L 4^41111!jdjli 4 jjjjis 
4jjj<l_uu (_£<l_1j 35 (_j4_S<tiîîjS (_j4_JLj<t^ qjj < v «^ (propyl chloride 
IJ4 >j.jJ) 4_i4j& jljj-uû^ (_y^I jjj 10 jU<Os<t£ (_£<tiljjU j 4 _t ((13 (^ 4 _jjj) 
OjjJJöj jjl jLjju IjjUiIS<LL iJj<L^ (_yilji_uu 4 j Ajd < *» »d I (^^4j (C2H7CI 

(isomer) j<LajjjU 
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d_ijS J jj uujIj I \< »*»l<d 1 <4>jrUij4j jUjjS j.**»»»»-L ^jJ< »» jU<tiluu4j 
4—il<tJ (_yjl ^JJ (^djLjjdJ (_5jjj<L_l JjSöJj-uuujjJ jU<L_i5Ljjjj j4_j 
lj_j j_uûdJ (_g<LiUjl 1 ftiS dji<Ll j4j jDNA (_jJj<L^ jU ‘«Kj<J »~»j-»- l*< 

jl jLjj. (_yJjjj_o jl.*‘«4 -U . Jj__SdJ jlj4 <!»/»»< 4__l jU__uujj < j_ 1 

jjLSluu (_ySjj<LuudjU» (^dj<U (jjiJJ Ij >V | |< jjj ( J^J*>j 4J j jljSjUiujiJJ 

:dj<tjjjjjjj jljj. 

O jj «i) jj (chain) ojj— U jjJ4 _I DNA (_^Jj4 £ Oj4_S j*j 

(double helix) Ojjj. jL* ^- v »_»<jjj jjj 4 j<Ujjj jjûfU d4jjjj»>j<Ll<tS 

4__ÛÛJJ j jl '4 <4 -». » » Ijj I jli4_I jlS<tS<Ljijj_Juli 4 _iJ<U d4j4>jj__ûû4j 

dj4_jjjjj j4_J ^j-^i jÊ . j4^4 >jjl JjJ (_J»>Ji>ji>J4-J jîuliLS<tSjjjimuujj 

j (<<l >*(»«»< 4 .".JJÛÛ 4 <JJJ4J jjj£jjl I 4 »4 < 4 11J >j4 I 4>Jj4__S 

. jjJ>jJ<L4 >Lj j<La^4J4j ^^-4< jljjjLd>4_> 
Jjj (_yS.JjJjLj j <4 < » **» . ' ‘ Jjj j«<lj4 <4 1 djJ '4* (_yjj JJ ** L 

L?jj-3 jIj<lJU (^iij^L-clS j4jjL1oû (^o-jjjjjS :<Lj_uujjjj jUjlSUuu 
(CH 4 ) jl_ jjj l?Jj 4_^ ^Jjjj—a IjLj4j4_uu<lI (plasticine) dj_ j_i j2 

o v »» »*l » ...M »< (_^jj_jjj4j (_^4_SajU<tS 4<4 lj< a.» ^_< » »j j 4 < »~ ■..jjj 
4_S<tijjjlS (J<L_UJj 4^ jUdj4_j <4 «> ll i iijjJ (jidj ^j-Jljj^ (Jjjj4_l 
d<L»JJ .~i4j >j» 1 4*s4 i"i4>j 4_jjj<U <Ci jLLjIi 4 <*»a ' j|j -». j JJjiQJ 

lj^4_jjjj jlj-a. (ji LS<l_^j*u<l 1 jl_jjjj jlS4jjl5_uii 4—Siaj (_jj4—tu<tS 
(ji LS<lU jj<t^ jlS4jjliûû <tSi>j (_^j<Luu . jjjLIuudj <t»uûj^ (tetrahedron) 
(_^j_i4j jLS<GjLl 1 V 1 4 <*»a ' (_^jj-jL Ij < »~i<jI . jijj_i*j jş^jjj_iU 

. jijjidJ jlStLuua.jjJjU <t-Ujj<t^ jjjjjis jljji (jjl j nj's 

jl_JJJ (_jd.j Jj<L^ j-J (jiL_uuLÛ4j (jjilj-iöJ jUjJj (_JJj4_^ (^yijjj-o 
4 ‘s i‘i > »'JjJ jl-JJJ l?J- 4 (_^jjj<L^ <LJuuu4j<U j»<Lj jj .(jjJjj^J CH 3 CH 3 

4Jjla i~l 4 < »a. I ^4>jllj_2u j 4 i « ( ] 'j l<4 < 4Jjla i~l 4 <*»a. I ... 1 »*<J » -> : 

& j4Jj 4-S j»JjjJ<Lj 4 j4jjU 1 V 1 <tdi>J j<U . OjJ >j<ti li_u JJ<ti 4 »ti4jd 
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djdj<(jj< (_yj l£dj<La jjj lj <l£ (*£jjJ 

■û^ (£*1 j 

jJ 1 *1 jj ' .1 A I .,'jd< ■ .. jajj'lll J<<lM~i« l< 'j/> tAjlijj' 

. j"<> . <t£<i 11 i n<jjjLS l_») (COOH) J.i ■ 11 <jj j^* <uj<l<Loj.S 
j<LjS<lI (^jjljjdJ) -OH Jj_u«£jjjjU ((jjjjj-îj djaij^ ^jjS Lf^JJ 4 ^ 
-CH 3 J_öj_0 (£4_l<Laj£ ((jj_Sj O < <>jjj dj-jjij^ L?Jj-® L i 

j»ûJj<L-j »j<l ~ki öljlj ^ . i n jjJ <L_1 j jja j<L-j (djj<l_S (_j—Odj (j^JJj-J) 
<l£<U-> J jj (mirror inuigc) ^ »4 *> *jlj (_jj '■ *j ^jjJ «u I *< <** jdo<jjjij 
(»<Lj jj (j"i iS il l jj-a (û) A JjJ I 'J<J ‘> <jlj<Ll ^d<U<t_uj j4j <Cjl j) <tdj 
<<Lj<LA Ojj<Ld jjJ (jJL>jj-a JjJ ■ Jjj 4 < * Q <ojjJ 4 u<Ljjjlj 4_jjj 
4^4 *<i ■ <u4a .() 14 (^4_djj) jjlJ l—. L. - Va * û -^- .^ << < I jjj * Ll4 Aj4 A 
donot ) jjl-j OJJ-J. Ij4_j d<L>j4 <i> <t_ijjjj <L-j jlj JjJ j4_j<LS 4 _>Jj4j 
(_ yj uuOJ j4_u> 4_jjjjj <_>4_3<. (_yj ■■.«■' ■•* V >~1< ûj-u. jSjjj4_a (coincide 

.(jjlj <ûjj<a. OjjjIj 

lj lj .Q >1)1J (_yj ■ ■■<'J<L> <t-jjjd lj <_><LJ>. (_yj tdUQj (_y <~< ><>"■■■«.' JjO. L> 
LT 1 ^ ûJJJL _$£.jj Q. .iilj j<_>4_^. (JJj4_^<U (_^4_jljjLa J<t_j 

û* < ■*■ ÛIS4 > <1 >« >< 4~i <7>jdj (j<t_>jjj jû a.jd (J<lL> »j‘»4~lj 4A <(jjl jLjju 
û L>aj4jJ j£ LiJ. J.U O-ûûjJj d<Lj (jjjljjJJ I jdûJj<L> J 4^4-1 . Û^<L> j^Jj 
jO ju>4J. ^< ... ■*!<> < ût-LJj-Jd jj4j4j (jjUj4—j (jj‘> ‘0 ■jL2<t_j (jj^<t >4J 

(^jjL_ÖjJ (^L>jjj<l_S ajlj-dlj .<t__>4J> (polarized light) jjöjj-jj^ 

(jjlj_> (^it_£djlj£ o" ■■■*jlj <4iL ij l_uulj <> > > ... >ti‘><j/.jj*< (jjj 4 , 7 , 
(jaj<t_jjjjjSL> a ljf> j<t—_><Ll jjj j' ■" <^ 4 JJ 1 ‘'jj Ll^jj j(j->L_>djl£ 

(_y£4—>djjj£ d_L»LS (^4<<> * huljlj j4 ■ ■■ 4 >4< * *> 4__» L t» 1 ■» j<t <<t < -^. * > 

(Jj*J-? l?J*J^ <LLu>ljlj <ljj»J Iojj<ljjL> (filter) <_£j1)Lj jL>4j ^lijjj 

j4j4j^L>jjj (J dj4-jj jj j jLJ (J.JjA 4-> (j^Çdjl^ J j-uujjli^jj 

-djjjl^ I<jj4_u4j (Pjj^ j d uLa4A 4<d< <ju * * (jjjj«>J 0 <4. j<tj 
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•J—^jj^ L?“*—(^j^J**- »jj^ <j4»jj— 9 : (13) L?**—^J 

•Û!dLjj4j jjji£ 4iljjJ-b 

<Ld«jjjjL£ 4_>jj jjJ 1J > >"<>< <>< >~ ■■■jjJ (jrdjL>4_j (^jjJj<Ld 1" mjj 
4 <*>■>■' jjJ j(jj Ijllu4j 4>j4^4j4j ((^jljjJ (Jjj<L>) <U>jLiuûû <><*>«.' jjJ4j 
d<LjO jj i~>4j (jjjjJ4 a, aJ j L^O-jjJJ lj JJ J4-I < , l> t »4 1 j4_a<U jj» (j<GjlLûû 
‘ûULj-j<*_j (Jjj-l^ (^4_>4jj^jdj .dj<L^4jjljjJ djj<L> (jjj.<Gjjj 4ij4^> 
^Ljo—Lj jj<l^ i ' > v >"<>< <(dichloro ethylene) 4-j-U >*4 “» jjj_LS <t_il jjJ 

jjJ û •*■“>■' <ûjj*jt_uu<L> ■>j<t_j d■>jI jLjl>. 4-jjjjlS 4 I > Jj<td<L> 4_*4jjj£ 
■>jj<Ll ^d<t_> <i j<t__<U 4^>jjj£ <j<(Jl> Jj<t4 JjJ duûl£ . Q > >4A û * *“ * C^‘ ‘ 
d_>iLS j>^4_> to jj < v >y (cis isomer) j__ (jj<t_ajjlj Ij<t_j jj 4 <4 > >*»ijjj 
Ij4-i j—> 4 <4 ■ ■ iljjj ajj<L> (jiLSajljLua. j4_u<U <tdt>jjJd 4JL>Jj<td jjJ 
.(<->13 (j<tdjj) oûj4di>J OuuudJ û Lj>(tr£ins isomer) <j-uiljj <jj<t-a jjjli 
(J—xuiljj -j_uu (jijj4—ajjj lj O—>jjJ>j ^j-JJ 4_jjj4-ajjj lj djj-JS. j»4_j 

.(^Jdjljjitj 

(JJAjlj_> j» i’st_> û_lj£&J I j (Jjj60 <U ÛUL>_J<t—j jjjd£ 4_>l JjJ J I )> 

^jj<Lj-u (jjiljj)t>J IJ>j_jJ . jj>J |j (jjj4S <td jd_l_J<t_J Jjj 1< 4j|JjJ 
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j Jj4j (^i<LO j \ni JjÛ. Ll GjJ jCLÊ J<LÊ 4j 

<j-lljrd (ji-iujdj dJj<(_^ j4Û iJjJjOJ Ij4_3<(^j<Û3 jyj, ljj<l£i<LlJ<LLJjG 

.<u<u (chirality) 

*j\jj-Êj»j (cheir) ^S-jjÊ j4 _<ij<iJ <L_»chirality j<Lj<> _ ujjj (»<l_j 

t»j IjjjJljl£<U <LjdJjLlJ j»<Lj JjGjijLjJ jj jO-jJ O ■ ||JJ <_£ ljIjd—xlS 
ÖJJJ d Jf-“ !-?■“'-? L yJ‘û-jjlj Jt^J<L 4 -Ş. ^^-jûjjuj J<L-J <dij_a. 

■ Jj4j Lj J J 

(j_JdJ <L_jJJJSJ j_j <(jj<(__A jj jjJ (Jfi JI <» <u djJj<(__^ (_Jdj<L_jjj 

- <COOH IJdjûl) jljLfa. ^jlj-a-jjj jlj_a. t^jjjLS (j^<LJ<l-LtJj<L^ 
O-jjjjdJ (j-jj <Ljjjjl^ <UL»Jj<l^ j<lj .(jjLujjj jj-jj ( — - H - CH 3 <OH 
.(chirad center) Jl jrd ajjdjlj JjjLLj DjUlj *jj*jLi 
dVLu*. <L_jjUjj (J<L_jjjIj<L| jj^<l—a<u (Jjjj t yS<L_»djUj (jjjlj_3dJ 
jjljLsa. (j<LJ<Laj£ (jjj|j_3dJ <t.£3j_a. <(jjjS j djLalj (optically active) 
dj3l£ OIjöj jjj ,_j_a. . jjjJaj *j<tijjjl£ jljl-L*. 

,jjj3jl£Lu ujjjjjjj '.‘^jjljjj (jljjUtj (_yijjjl£ (j<djjj<t^ jjj djJj<i^ 

• HOOCCH(OH) CH(OH)COOH d_.jl3jl3 ^jj 13lj jj!jj*j ÛjjjG 
j ijoj j<lSj q ■<>jjj (antipodes) ^LSdjj j»Jj<t_^ j»4_j j_j J_jjjj» 
J<(J • (lu 14 (_5<tjjj) jJj^J CwjjjJ <LÎij3 j»<tj jj jljLya. ^jjja j-UaJ 
jj (_gj^j<t wia<fL (j2i<L3jjj jjjil V Jj<L^ jja. d<U <(J<tj (_J<ûljjL 
a 3~L <t "t jjj jLjlS<t_jjjjjtj <t-jjj (_jajlj^ joj<t Vijl jj.oJ O-juIj (_j jl 

-< 1 “ lu (j OoJ Ij u 13j£<U . dj<t_jjJj^dJ u<Lj, (j^ij.j (jjdj<t uuUi 

d j 31£ (j!i<La<tj Jj<ljjjjJjj.<û j3j£ j<tma<t-L (_yJ^<L»jjj<d (jJ<U Jjjjj 

O _u Ij (j -1 j__j 4 iA<UJJj 4 C/v ^ C ■ .".j .4 j 01 J«>J JJj 


•jyJ^a. j_^Vjj (jiuj3 ^4^<(ji<U j0j4 'iVljl jju 

■ jrU^J (_^j-uJJJ I JjujijjjjjJJ (£jjj4J <d<Ui>JjljJ (_yj Itn __jjjj<Lû jj_l Lj 
(_g»j i ,7i<U jl jjlSjjjjjuj t >jdjdjjjjd (_g<t_il ii'ii rxû <Lbûj3 j4j jjjxLA 
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j-J I-LU.43 jjj d<Lj<(J<d JJJJ^ j4, <i a4 y. ^iutû ^<Ludjjj^ j<t4<û 

j(left- handed) (_ y j<u<t__a. ^jiLSaj j<i t _jûjI j& jû<t » <(plane) 

( jj£ j<t_bULû<La. (_jli.4_3 jjj Ij<tu < 0 -jj j<Uj 3 (right- handed) Ij u4jjuuIj 

I _ j jj.<t_3 JJJ jd<Uj<U<L3. JJj4_d <Lj JjI_1J . Jj4_3jJ jj. JJ d<U<L_uûj^4j 

»Jj4_3 j*j<t__ujji.i>J < <4 (J*$ j4j 4 * J û * jJ uij<U 

.dj<LujjJjûudJ Qiulj (J <ijj <Luûj^ jL<U<U (jîuûd<Lu43duulj 



djj<t_^ (opticl antipade) ^jitddjj 4_uilj_u (_jjl^<t_ljjja : 14 (j4Ûjj 

.dL»jt3jt3 (_jjij3—<_i d«~<*>t (_jjij3-) .(chirals) jli<tJIjrd 

(_g4 I ijJ<td j-uuu ((^*J<t__jjjj£) (^Jj4 ‘i"j< i->- 4. < ■! ,,'j A .»1 ."!< 

04d<Lu4j_ijlj 4_juj jLuuû j 'j< t ■ ■ ■ jjJ 4 <4*.t . . a •n-ujj.i .Ia 

CH 3 CH(OH)COOH oiuud^i (_jjûj3jljLua. (^jj^JjJ I j4j ' ,'j^"‘ “jjJ 
^4-jjjû jl j‘>j‘> 4 j j<(_* 4_Öj3 jju^jjJ j<t_j .djj3<dj_uudJ 

optical ) jlddjj <t_ulj_u ojj3jdJ jûûj j< l iûjuj<û (mirror image) 
.(enantiomer) j<t_ojjjj U_û Jjj.û (antipodes 
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(diphenyle) <(_jl jjJ j<lJ (optical isomerism) j»jjj4__i>jjjti 

<i > jj J J j _|jjoJ — COOH ]4 «J< iLjiJJAJ J—1 <!<<!••• • 4_jjj) 

IJ1 922 u II ■■•<* I ( j_' ND^jjTil ~< ^j<> 

.aj<GöjljJjJ 

I JjjJ jjlJ t yil£<Ui>J<tJ (_J<(jLuji >JJ La j4j (_yS<L><ûjjui J~l<(IJdjjJ 
d4_jlj<lla (_£)<(_£.t£<U dLjj gi—JJ jjJ jjj<> ~m <( -L oJ dj4_ijljjjJ 
<L - Lf^JiJ—* J 4 — Ci—ujjjJ 

jj-ujjjş gjj<L-Ê jlj<i _ 1jJj- 4 j<(_ i j < < v <i (Sandwich) ^_<j* ' ~ “ 

jrûjjjl^jjj_jU (j<L_sJ<û <l_S4j^ ~■ "•• jjJlS j_ijjidJ (Ferrocene) 
.(^yjjjidJ j-juli (JL1jJj4Ê jUiljjj ^<t^4jjj jC 5 F[5 

ft) 

I/ 

M 

_fc)_ 

jl£<i_dlJ-.S <t_Lû<(i <GIjjJ (jjl^aj^Lojjjû (jJljjjj — ) : 15 (_j<t_i_ij 

jU_Lj<(j £ jrujijjifl - <-J 

Jjj_£.j 4 _£<LjV gij_>4d <»I V <<<1 < (_^jl^<t_^jj j<Luj (_yjjj>. jjJj U jjJ 

fcjLSfiJjfiJ |J(<_»15) (_^<(_ijj<tJ ‘(jJ-uu (J^jjjj J(jidj (J^jjjj^j 

<J»JJ jjjJJ<( S .-< y <«( A (Jj<t__J jjj IjjJ JjJ <t—><LÎJ jtj -4 ‘«4< 

(jojL-lijjÊLi (jjjj<t_i <( <_< o.—«ujjJ (acrytic acid) dLJLjj£<t_j 
— COOH) (J<t_l<La jS<L> »j<L_ijJjj<t__J (_yljjj_a ^_ <■■ * — jJ ' ' Lb 
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<t_J<td jrjjj_l jJ\&OJjL& .IJöjIj (i<t_j jjj<td I Û4 j . jj<l_ajjjilJJJ d<t_> 

U JJ J (jjd-* 1 fl^Jj 

. j<tûj 1 ■ ■ JjJ jLkjjj 


(_yjl_A (enymes) (j<Liljjji<û j<t_i <ijjj_j. <<t_jjj o j<lSjj<u jL<t_a<ii 
(_jjj j-ûû ^jLuuli<u jiljdaJ <jaJaJ ljûl£<ûU.<(d j 1<j <<!<«<< <lS.Uj lû 
dL_d jLSGjUli <t_jjjjlS lAjJjLÊ (jjj&J (substituents) ^jjLSajljjj jj 


. dj4j<tdj Ua. 

j__J 4 * »4i j «~> (_ y S.jjjjL_j jl ÛUj 4 < <L>lj_ŞjJ<t ~«l »1 

dj£4 _< .<t_ijjjj j-j . (enantiomers) jlSaj<t_ojjliljji jo j<lûJjSLul 

djjL._«u4i ^_ûjj (antipodes ^yil_Sajj jjû.1_j) ^yilSaj<t_ajjjli<tJ 

j_> (jj -i (_j<t_Saj<t_ajjj li aji<t_j.j<L4> 4jjjr<ji> (_j<t_S<Laû (Aspartic acid) 

(_fjjj<t_i _<ijj (stereoisomers) (jjlSöj<t_ajjjti jjjt_<— .<(_atû 

(l^4j <(jjjr<ji> jL£j£4j t jjl jLsj. djJ jjbj (isolecucine) jj—uj->Jjj_>li 

. <td lj j Ij jj j4j 

(asymmetric) 1—3jUli ^jijjjLd j* L>Jj<l^ (_g4jljSj >niLS ^ jj—j 

l»jjj4_ajjjli <t ><ti jjj d<t_>*J Jlj (JO J<t_i jj 4 > û Q >» >jjj < <•»■ j<t_a 
4ÛJj jdjJj<L^4Û 4 _>Jj4j £j<l_a lji<t_J . OJJ4-& 4 ~> > »jj Jjû.t—> 

(coincide) C>jj-j. d<t_> j<t_«u<Ll .d<L>j<t_u> <ûjjû.aj d_û lû ■_-<!<<> < «> ~< v <jti 
(jj<t_ctS<tJ >7>4>» jjJ ■ j_j (chial) (Jljrud j_>aJ <LSaJj<tû LjIj <jj4û 
d<L)4j jOLui 4 < •'• ' . jjjjûdJ jjji<t_> (_gJj4 <<»< :<t_û> C> >»JjJ L>4 1 a 


4_^j d j jjj ^ûjS'Lu jl_û>j^ (Jjj_S <jJ-uu (_,ÛJjjû> j(ji>dj (_^Jjjû> 

• ^ ^ ^LldÎl 

4^4->j 1 a„ <7> 4. ^)<>J ^j4—uu4_> <>jt>j4 , < d ^dj4 —j j. j ^^4 ) <7i4_uû 

jjJ ^jjI,jj^J4-i.^ ^ \ > i/s.i U, . 4. L_J >j4 ■■ < <> > > ^4^M._<7>4 _uu 
< J^ tijjj lj-û —u>Ij<lI -(>15 (_^4 —jjj) O—JjS_> O—u>jjj J<(— ejjjli 
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(£<lJLj-<û jjuL Ji 4 jlj<U jtj <(jljrcijj j<lj -(j — CH t — (^ilS<U<LajS 
^j-xLjjb (_£dj_><(_> <t_l<(j cj<t_)dJ) > . 7 ><L> jjjljû_uu<L> aj 4 _S<LxlJ Jj*JjLj_S 

Lf? ,dJ jlj Sxn jjJ ,j-«JjJ^<L> 



jJ'Jt^ cr'iJ -1 " jlS»Jj<L^ (jJLjJj^ : 16 (_j<lLjj 

<4j<(_><I jLSaJjSjS <l_Lj jjj Ljlj .4 >j<i_>^ <t_Sdjj<L> ^yjL2<i_L> l" uujj 
jj_> LjJJ.J. (j<t_ij<lj jjJ <lJ<(£ Ojj<l£»J o i iiOJ jLaSj Jj<tj ljjUj<L<U 

^LiLxu catena Ij ij<"*>> <U) (catenane) jQjjlS ojjj j*j ^^jj QjjSjj 
jLxL S <L>Jj£»JLali (kj<L> jjjljjlj <Utxo ‘**<<d>UJ jl £ 4jL>Jjt£ (OjJ Jjr<JJj 
■OjjJJ Lfjjj (_J<Lljitj ^y^jSjAi Jjjj (_,SjjIS 
<t_jjjlj)<L> lljjUjtj IJ< ■ ■ ■ I < JjJj<Lju<U (_£4_><lS jjru j<t_j (_yjU<t_>J4j jj 
^yjjjjû/ jSaj (_£<lS<LI q< ■ <<i< lj £jj La L cljj j<l£ .<l> L.jIjj ^<U ljj<G j 
< t_> Lj LL> <LJ jO t < ■■■<*< <L t»»<j •“■ ■>Jj<t_S j<lj ^ *»»j » (jjLu> .<Lb>>jjjjj 

JJJL_a (_£ JJ<t_S ‘«l<<4 t v » 'j/» (JJJjj<t__> cl_jjl£ j»i’<t_j .<t_jljJ<1 » * »< 

dj<t_L>jjjj jt—>lj (_yj—<Ljdj jjj j—iljjjJ —(judJ jl—Sajljilj 

(j<t S4 j l d <»»<i < << j»» jjj. i ii K <<i ijjLL j> . j jj_>_û Ijj <L_i Ij .*?■<«> L< 


.(Symmetric) 4 jIjjU jjISI_u 
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<a .*»!jj dj_i<L>4_> <'lj~y~»jS (^jjS d<L>4_^.jL jtûûlj Qj-u»»<j«j tS 

Fe(C0 4 ) 2 (_g<t l<La jS ÖJJ_S <LOL. jL J<t_i <t *» » ■ ■'jjj Jj<t_S <t *« »I «~< 1 j 

(_JJ<t__ajjj LLL jjJ 4_>*jL ûJj<t_S j»4_J j-Ö*J 4djl_JjjJ (jOjjjöJ 

.(çl5 (J<Lajj) Q>_>4 4> 

j“' » » ^ j<t_> 4 *» « ■**» ■ ■■ JjJ j_>jj (_j£_>jL ___< «j <>C K <La.jL<U cl<t_>4jJ<L 
(^4 <j>jS4j j 1 >< >j4 .<ii (_^<> < » j_> IL 4>jru4_S4j (J <LSa>j 4_>ji jjJj<L_A Jj<Lj 
(_ g4 *‘ V »J J<t j A J<t jjJja_> Ij4_£aj4xt£ (_gOji>J<t—j (_gjjOJ4—> 4 I) 180 

(Mobius band) j_uj »»j<■ ^j_>j__o o~>jjjjj >j *‘»‘j< , < a jjLaû ■■■«.' 

<< “<*‘ V 'j (»4 __j a j*j »■»*'« j£<t__ilj£jiUila (j <J<t_J jjj (_^4__>djljL<U 

!4j 4_A j«j> »<lj-v*«j<>... ^< »"■*:.j4j 

Ij<t_j Q «<t < » _£_iJj 4_S*j<LtU (^jjjuI) (_jj_> J jjJ j<LJk (jj<l_jj j4_S<L 
j4 (n << jj<LaJJ (JJj4_j j_> (^j<J<t_Jb 4_S<L>jj (_^<< aJLs Ol_£li o ><i >jjj 
. jj<t_A (jjj j cl<L> Li<G <tSaj<LclS <lLj <~>4 S (jj<tSaJjdJl j .jj (j<LSa jjj 
LSjj jjJ 4—> (jjjlj_3dJ :<t_j<u (jjjjj4_u> a *i > 7 ijJj (_juj_jjjj (jjjj-ö 
‘ OJjSaJj_uuJJ J (J4_j4jjjjj jjJ J<t_i (jjS_>j_j>jjJ j<txlS (^SLjjjuIxU 

(j<t_ûjjlj 4__ijj j jjL_> (coincide) Ojj j. <cl<L>j4 >>> <t *»» j•«■ » j<t S<t_> 

j<t_S<L c(chiral) <t_JIjrtS J_u j_jj ja jûj_û> .j_j (_ y S<LjLI J<L> . j i7> >jCS<L> 

(_g<LSaj4 •■■ jjJ (JJj<l_i> (jl»j__> 4j4_jjjjlljkj 4_L 360 <lS<LLj__uû 

JljrçS J<LU OJj<LSojI juOJ (J<tL jjjj J<t_j < j «j‘« « ■ ■■jjj *j<t_S<L>4 >jtj<lS<L> 
jj ■ (■>j4j 4 i >> 16 (j4 *» «j) O-tJJJ (j iSljajj4 ■»» ^SjjLOjJJ j O-JJJJ 
>**t u><LSLa4j jLitSa>j4j4_J J»J jlS<t—)JJ >7/ <4_L>I>j4>j (J<L ^ > >■ ■■■Vj.«.t 

d »~ (_y • oj *'ja (_yj«j »~» jjJ IJ alaj<Lj<U ■ >>j<_>1J O——jjjIjJjL<U 

16 (_j<(_ijj) jJIjr<S4_S ojj 4_SdJ o_uidJ jt_ajtSJli (interwoven) 

,(<l£<lLj (jajjjljL. 

(_gjlI jj 14 S j_Llj (jlj ^4 >» a. Jjl_LajS<t_> jLjj iaj »<t» <LLLj_L> j<lL 

jj^L_> jjjjjL_S (_yiIS4—L>jj<iS (jdjr_jjij jlS<LLj__ti> 
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jjjj J-i jitAjl£ 4 _j ‘ a -£ jt-uil£UjU j : 17 <_£<<—jj 

j»jjj<La jjljtjjj j^yjjjjjjjtjjj ^itSftJjUj (_jdJj^ 

d*Cd ,*,'■ >■ .■ ^-^uuj4J&4^ C*J4■■ 1 Ia ^4 > t, in Lju-uoJlJ 

(>-" J^-j c?jjl>j»J -( J mjo ^jjû. jjidj j^yj-ui : (>J jljLia. jtu^idj 

<t_jjj J Oni ( ]< v ,. jjJ j 4 t> j jjj? jlu 4 jj Ajd <*.i 4 < .j jjj 4_j 4_jl^jij 

jçl7 (5«>-jjJ ^jJ^-uu) <LjL^jj jjJ dj4_Jj<tJ<Ll . j_J jJ&d-i (J4ÛÛjU 
4_^4jjjIj jjJ j4_a (enantiomer) j4_sjjjljjj Cjjjjjjj-jUjj (4_Sj j17 

. jdJdJ jl_uuj (enantiomorphism) (jjijj_> jjjjl_ jjj 

.(^yj^jjj jU Cjjjjj»J ^jJj (enantiomorphism) 

CiJJiJ i jj4_^j Jjjjj Lj jLjjj (_gOj4jJj*t ||">4J o < iiOJ (_ja j4j (JjUJ 
j Uj 4 ■ u4j (j4__>jjûJ jl£ t>4 a J d -“‘J < * ■ < t?j4 jj<L^j j JJj Jj4__j 
4_jjjajjj .4_>4Ji Ijjl^*jlj_uuU 4jjj4j_uulj jjjl—u jji4_J (prototype) 
(^jl^4jlI jjS 4-jt^jjj I ' < t 4.J Jjkjjjj£ jûj<S& (_£ UjU A <j -1q< V > * 


jjj (_jjj^4_j ^< - Aj~j< jjj_j_ldj (alanine) jrû^4_j ^MO" -t.ja^ C<D 

Jij4_j 4^4 ,7,j^i,,i ^jL-^JjljjjjLj j»j 4 £ji (jjil j_jOJ j <*»J< 

O ‘jjjjjj <jlu I Û4 « (J4_l4u j^4-> .4 j JJAJ j— J t j< 14 ■ J 1jJj4S4j 

(u^4_j 4_t4ui (tetrahedral) jtj-Öjjjl jj. jtjUû 4_iljj4^ j4_j *jj4>j<u 


j)4j 4 inj^ln, 4__> (jiuj4_u jjjjjJ ** * (JjJjj 4_> (_yjl_uulj4j (jjjlj—jJJ 

.(pyramid) (u»j4j»4j Ul j jjUujj »j4j4 ^434>4 j J4j4jjLLÖ 4 jj*j4j 

jjb Ll^ k?<4j j4j j_>d£<>J OCjjj^ !.*>< <>,> c > 

dj4-^4^4^ . 6j4.,^ > )4 j ^jA4. > j>< << ^34-^. ^ > >■ < <<4 j dj4-^4^4j 
^tiu, lj *s ,7 iU J jjjj jjj (J» JJ ■ » 4 j D J)4_^4J C j B j A ^ Vi ,,,4j 
(jjjlJ-Jdj A IJ4jlII • ■“> * Jj4_^4j4j j 4_J .4 I >*) jjj4u < V ‘‘«I J V ‘ * ^ <~,j< 

^M<d t,.'jd<i J<J Aj< v »... (_yjl£4_^jj . (J_jj jjj (J_uj4__j (j4 U * j< 

(£b j4.. ■■*> j4 ■■,..< <> 4 ■■ ■ >4^ b 4 —j Ifl, > a j jl. > jLb (Ij CH 3 4 ■ 1 J-... > Lft 

4_> ^jIulJj 4-J j„*> >Oi 14 -ajoj ^jdû4-o4j ^jlj-idJ . 4_jt>j4^4j4^4_> 
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^Ij-j j H j H 1 jr^jjJ-iLb ^4_L> Jj4^ jjJ 4-£ ^£j4-£dJj£J I^5 v-<7<Ij<L> 

ajj4 ->- jd a . ju d4_> jSaj j»j4_iis»j4j j4_uu (_yjlj4_ijjj 1^4 j 4^ 11 J H 
jjJt-J jjj ^4 _jjjU . .jjtSLui jjj (J4_jjj_ûj (^ijjjusl-j ■ 4_ujlj dj4_i 
j4jyj jt i.■ <d ,^ ^<«* j4 Aj< * * .* 'jj_£. ^<«* > L)4-3 lo 4J j 'j < j 

j\ j d || > Jja <i \ ,Sd . (jljjl£4_i.4j (_yjjjj_uu4j 4 jjI~ 4 ,7, 4_jjJJ jLuûU 
—: j^4j j£Jj 4*s4 ipj^im (^yilS^Sji jjj4j& 4^ j_u>l J 
4*s4 ,7,j^i,,, (^*j4Û}(JÛ.4J (î 1 7 4_jjj) jj i • ■■ 4il£ji j4j iöjb 

jl£4_£ji (_yjui j-uuli Ij4_J 4Û4 j ijtl ui J <~,a ' (jjjjjd_i 4_U 60 (J4 _Jj4j 

4_£ji j4_> Öj4_ij4j4j .*j4_ijS*J _> (_g4 < ■*■- Ljlj O—udJ jjSjJlû 

^jj_û jjJ H „ . V, .(equivalent) Lû>jU O-Ûjjjûj 4_ûljlj.SjjIijJU 

(J_jjl J j_> B (_yL>jjj>4_J jt_J (2) j( 1 ) (JJjt-jj j4*t 1 ,7,»J 4*s4 uuj^û-uu 

“(interchange) jjLÛ jj^jJLÛ aj4_i^jû.4j 4_S ^ i-uaj ■(■_> 17 «t—juj) 

4^4 > >-,< <« 4—£j4.„< <<4J jj| >-< <>4 > d4— >4Jlj jIj j4—^4j I J-< j4j ^j4— 1 ^4.1 
^j1^4£jj jlJjj ^L-uljd jIj <L>4£ £jJ 4 I > A j4j j<Lt-u4j c1>^j4-o4j ^ > > >1J 

(1) 1 L?* 1 -°(7) <j£j-j Ij4-j ‘OljydJ |J(2) j(l) 

j-u>J j jûjjLû jl<«* <j*‘ jjJ lJ4-Û4Jt^ 4-ûlj4Û -Cuj d < A 

oijj j»jûLlu 4ÛI j4i iIj4ûjjU 4J (reflecting) jL>* j4iU j4_> 4 j jiuj4j 
a j a 'j < jjjj jUUd_IU. jjJ .(enantiotopic) cJ_J ‘j~j **« 

I JÛI-UûdjjJ4j *jjj_> Cl4u jÛJj 4^4 ,7,j< uuu ^ûji (Juuuj4ui I jjLua4Û4-)4j 
,jjj4J» (Jji (jûûlidj jUjj (j4Û4Ûji jjJJ Û4_> j£dj J jîdj jUjjJ 
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U _> (_jLjjL&4_S Jjj> LSd—ijjlLSd-l : 1 8 (J4_ij j 

dL>J j<uS (jjU-L^-i« jj 4iU«jljLua. 
(2 ‘1 c?'j-Îj2j 1) j L£<1 1 7 1 4—£ij.j 4 ^ 4—Jdj4j (jL3l.a jdûdj4_j 

*jj4_j (^Ij-jj . (enantiotopic) j£juj_j jjjjLi-u lj£4->4_Jûj< i..i j4_a4J 

^4^44 (J4_|4j j4j j4_uj 4J j_> jjjlxjj<£ <jjij|jlj 4.^4jjjlj fcjjljlfiJ 

2 J 2 tl j 1 (jijJ-3 (^JJJ-aş. jjJ *4_jIj<l£ .O \jj»J |j4^4-jj j^j. .i 
:jjj—Zsjjjj —j jjj (_j 4—ijjjj I— şjjj (j^JJj —3 jjjjl — JJJ 

jj_J^ 4 » L^j J-Ê jl «Ajl-L «4 j ,G= B+DF= C+B ^*.l<4 *."j < < 4 . 

jruJjlj IjJ-2 4_jjjlj jrûl j-jj 4 .V. La4j_u jt> j4_jjjjjJj^dJ jLj4_LÛj< i... 

jj4_j j_> jjL-alj (j_>aj .(interchangeable) jjj_<j jj^ji Lj 2 j 1 4_< 

(j£J_j jl I ... I< I<4 j j4_Ji jjj4 -J ."*.!*. .‘. Gj F ^*. I<4 **. 1 (.<■ .4 < jj4_<.j 

‘L3jJŞ» J4_J .djljjlj j-i jlj-ui.djUj jla4_* j4_jljJJ jLj 2 j 1 
jLijj . jjLj jj^jJlj I.< v .j 11 gjji jjj4j4< 2 j 1 jjaj (jjjUjj (pairs) 
(jUU4j dia lj_>jljjj4J) (diastereotopic) dLkjjj jjjrûLu.Lj|j Cljj3j»j 

IjJ .(o—>J 4 " ... 4 -lj 4 j IJUo jistereo jOjJ Ij * ** j jLI > jlJ4_* 

jLjdjUj 4-< -4-jjJlj^j (j3l ( }<}_> jjJ (jjjj^4j Glj jljLlş. (J4jjjjj 
4_jjj j jJIj%< I j FI ^*.i<4*i!(.<.. . J D+C j I = D+Dj FI= C+C *4 ..■.. 

. jÛL>j4jjjIiliji jjl j4< t jjjC<4j (j4jjjli 
j J-FI jSaj j.*.j4 »j ."•.!*. +.4< (_£djLj jjj. j4j .4 i i'i jljrk^ J fl< * * 

.(diastereomer) j4jjjjû-uL>lJ Cljj3j»j jUjj I j4j J-I 

4*. .84*1 ...I J (_^Jj4_S 4_j jLlJ jj jj»4 4> j4_j 4< C.LS.J (jj j4_1j jj. jjdj 

dLjjUjU ^-Öjj (_yjU4_LjJ jj Jj Ij H Ly iU4j l|3<j_i 4ijjjjjj . jjjjidJ 
4 "*(]<.. J|4__^4J j—>J d V .. ji ^‘. v . .4 1 (^4 *.1~1(]< V . 1 j4_j . jrjjJ—idJ 

. 4 i'i id . j j I 1 . . 1 jjj I ^ ^*^j4ui jHj"*—*! 
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J<5_> jl£<Lu»^iuuu j jl^4 m.ni jj ^jI^A i L-t u jU 

• I lj<L^<U<L 

<L-Jjj^li J-J CjjjIj^uuL dj<>j<L^u<U t>jj-^ ^<U ^Jj<L^ ‘L-iU <l£<U<G 

jjJ<lU E ^Ciljjj—o l-.^Wi CH 3 -CHBrCl j CH 3 -CH 2 C1 cCH 3 CH 3 

jt-JJJ jjjJK 4_3IjJ 1 £Jj>LÊ E .(18 (j4-jjj) 4_i> Cl-uujjJ B (^L^JJ 

(jdjjj^4_> jlS4_uidj 4-Sji4S j>‘.< ■". ■ dj4j L jjjjidJ CH;C I- CH.Cl 


j4— UJ (^j Kj m jljJ 




.(JJ< 4j4ijjjj<d fjjg, 4j 


(jjj»J4_> j LS4 _ui j^j-ui (Jjil jidJ t jU4d4-a4S JllSLuilj (Jdjjj^4_l 

(jL_jjU 4_>»j4j^jj. j4__j t4__ijjai J— 1 A j4 *: .j*. .lj+ ■ |j4__S4j4j 

• IjC-C (J J_i4j (jjjdJ4_> 4_il_JJJ JjJ-Jd 4_jljjJ (jdj Jj4_^ (J^j4-j (Ijj. 
‘**.4 <4 *. .J Lj4S S> j4jjjjjJj IjE -*([<. . 4JIj < .'■ .JJJI (Jjjl jjj 4-a4jjj! 
j 1 J < . J jSjJ l_ j 4 <d J< *. .. JJ Jj4_ 4 (^yj l<4 ■**■ A j 4_Sjj tlilj—jJ 

jljjj (jj4j (jajjj^ 4 j jL jS4j4-Cij^ i.h djjLS ^îÎ4j .(interchangeable) 

Li-Uk 1 j u j ‘ >6J tCkJ j4dj OuuidJ E ^ *i * (< ■ . (J*j4-j JJ Aj4 *. .*. . Ij4 A.t 
. jlaJj^ IjB W 1 *d<. .4 I J,s*jj4j& V . j■ 1 ' d4j4jjjlj (j-uidJ 
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JLJJ Jj< 


.öj<uljjjj <ûlj j<lS j4j (diastereotopy) 

a ~i d ijOj<U t^yjjjjjjru-uuLjlJ jj-a. :<L_»dj<tj jIj-u»jj j»»jjJ 

j4_ft<LS ^jJj *j<Lj ^lSi j<Lu» ^jLouljJj /^jjl jj*J )‘C)I JOjjLui i'l Ij»jjU 
t^yjjjjjjjl—ijj ‘j»jjj«i—» jfJI— jjj :<i— Sj jljlj jlj— ^<lI dûS4 —j 
lj ■ jjjjl — $£jj (jio—i jjJ<I— I ^jjjjjjr fi . <»LjI j ‘ f> jjj<L»jjjrLi —u< LiIJ 
<L-^jb j(0-»JjtS<L_» j»jjj<L-j (j-Sdj IJ*j_jJ) (jt£»Jj4 < i <l ‘s (jj4_SdJjdJ 
^djLab (^jjj (^dj<LJ jLdjjj) jlSljş. <li<LajS j4JL»Jj<lS ‘ jlS<L»Jj4S 
(OjJjI£<lj jdijLjjj <j-Sdj »jjJ) jj (£4ÛÛjb lS^J (^jSdjûj 

(_fjl jt_L3. * lj<> j <Lj<L& j I <~ ■"■ Jdj jL><LA j Lli t£<Lûi<Ll j<Liljj<LS öjja. j4j 

jlj%.d ^<4 <a.'.'1» j<t_S<L) <‘l V <~1< 4 iJ j4j ljjj<Lkj4 m I J_iljjljjj<Ll<LS 

>jjS4 < j4_S<U * li4 j jl jdjdJ-jjj ^j_Lj<lI jti ^i l^4_ajji4j . j4.SjjS.jJ jtS 

dL-Jjjjjjji * j 1 J ^<4 »4Jbjj4S j4_S<L) Jjb. L_i jIj4 ajjjjljjj j4__I 

j j<J j_S (_^4—b jjjljt-JJu (jaJJl—a jLSJj<Lajjj-<'i Miblj jJ <a i< <tjl< 

JJJL_« J[4 C<ll jljl .1 4 Ç V .j4 . j4 <4 A jl .jljl._, ^ji>j4\jj.1 A 

jjjjj<~ ■.■ I < I. ' 4_JbJj<LS «j< ■"■ jLa4-j&4j . j4 <a '< ■ I j LS IJ_ilSöjljLm. 
jL-tjljUa. ^yS^La. J^t-jjjj (_yljj.jdj jlS<U<LajS Jjj.L-j jlS4_jSjj 

. 4j<L4 

(Superimpose) d<Uj4_u» 4_iijdj ^jiljil_i jlSaj<Lajjjrû_u»blj 

.lJ4jjjb<Ll (reflection) dj4bU.j<u4j4i »j4i^jl4j4i jiijj4j 
. j LSdJj4_S tf ‘l<4 S ■_< j~ jj j-~ ■ ..1 »1J4 .".4 . J_J 4 ~ ■ ..I J J~. <~ jLa4_& 
j»<t-J j—? j4-_u»jjS (jSi—uijj (^jjjjjjrû—uitjlj ^yiJjSjjL-jJ t^jjj<L_» 
Ij4—S lj4_Jbjj<lS djjj^.4 1 -OjJ jlS<L_l 4—jaj4iJjS lî Li j»4_j 4Û_ui4j<La 
(j<LJbJ j<lS <4_ijjjj j_t t j* 1 S 4 <4 1 <■' j<lS < j_» djjjjjjjbutblj jjjlj.il J 
4_»4JbJ j<lS 4_j jja. (»4 _j j4_S4j . dj<3jj_Sj jj_lS (j4_b Jj<lS<Li jrL^jjJ_»U 
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2 (_yitS4 jjj 4-Sji (jiaj<Lj Lfljij “êljTL^ (18 lS<IÛjj) K (jil^Sjj 

j4 —jIj (j—SÛJjj lSJ^— i • jSjjjûjjjû— “LjIj (4.3 U»jj4—*) 5 j 

cy S4_,4U4i j4 ~ ...4.i Aj4 < i 1 K ^ > ~I(|S <‘4 I ^LSO_I^J — V < ‘ ^ySj_ijj J 

(jiLu.b<L) <lSj j4_ilj 4flJ<b <‘l ‘Aj 4 «4 < <lSjj<Lilj 3JjJ jb 3 j4Sj (j-ûjj4jlj 
4jbjjj j»<b .(<lSj L1 8 (j4ib j (jjj<L_) CiLSj j^. jjU <lS*Jjj (^ljJ jJ4j 
• OlJdJ jSijS (^SÛÛÖJdj (J3J<bJjSijjj (ji<Lajb 


(jii4_a<Lt j4_ÛjJjşu jlS<L_»^ gûj‘4 I ■•l ‘‘<4 . j*j4_j 4_Sdj4jlj 4_il<b 

(j4.3.5.2 (^ilS4_Sji 4 j jja. IJ > >~4< jj4<vû..,Ai Lj.il jrS ^< ‘~I(iS > > 

jSjjjjjjj.~... 1 >i ' jUji (j4_s^ —~* v *» 4 ‘3 ‘5 ‘2 j jbS4_»^ gi v *» 

»jj_t (jû_u»ljöjb 4 ~j4Lj 4_Sa j<L»lj 4-il<b j<L_S<b . (dia stereotopic) 
4_bjja J4i Ij<b OJJ jjjJ <lS <1 — j * * jjJj<L4xLl ^yiL 11 S 4 »4j 4S <Sjj<LjlJ 
I J4_S<Lil<b ^ÛS<LÛjjj jLi<U d4_»4Ûjjb (jjilJÛ3J) j ii-ab jl jtlS j\ j-i. 
3j4_S<L»4j ^4_S^ —~* *» JjJ (J4-J4Û j4_J j4 jm<U j_> jj~ ...4< ^j_jj|j 


I j4 a jS4__Sji Ij__u.3j4j j4__S4j jjj * ■ ..4 < 

.3j4Ûij-a3J 


jl_La 4 3j j_»3J3J jj4_i J jj4_& (jS.Jjljuujjj '~‘4 j<LÛj jS j_u.3J 

<! ^i JJ 4 "l(]< V » ' J__S*J jSaJj4 <4 I £ ( .4 <4 . Aj4 ~» ‘A '< 

4-S (Ferrocene derivatives) jj-u.jjri (jûlS<LûjSjdj jilSajlj<~ ■ ■■ jjj 


(j^ JJ « » ■ jKj L jûL_$Sûj (jÛ4__3j (J4__iûj ‘jjlj S m b (jiûjjdj4_l 
(OjJjIS4_» CöFIs j-b4_s ,j-Sdj ty jt_Li.4J ph) <lû LiL^S -j j<Li (Formula) 

■ jjjlj J jtAj- 1 3jdjljÛ.<Ll 



■com 




















cL>jJ<Ub (jjj" 1 (]< ‘ * jal jŞjj jIa jj<La. ^a jruûij jjJ<U (^4£<Gl (]<j i4-£ 

^d—Sj L jlSlj<LSL» ^jJjjj-a j_Jûi>J .c1<(_i4AJ<Lj Jj 4 a. 4_jjdJ dj<l£jui jLa. 

. jdJJ 4j<G<La j»4j ^yjlj |()|4A 

jU4j-uu<La.j4j - juj£ ^jjUdjl-uuû.JJj4J djJ-i4A Uj4-J 

■ Jj^jjU (Stereochemistry) 

a j<Luj»l£j j 4 _ijija. JjJJ (IjUa iS jlI jj j» 4 j jJjJ j 4 -jjJjS 11 jj 

- 4j4j U ^dj ^ 1^4 ‘ tlJ * 4 G *j U.j4jj j4_ui 


(^J^S v£ jjjjJ'4j4J tSjjJUb 

V 

jdj4_iJjij3G ^jj-J Jj-SdJ (Ij I JfljS ^jljjcU jJj S n i j) (^jjj4_J 
j_> . dj4_jjj^dJ jLSajljU 4 . .1 ■ * .< jjjL-j jjjjLj (_^j_j ^jjl^jjjş. 
Ojj j4_l 4_il J jU j J4_ IjJ4£ j4_> jLjl£4_uuo jl j<L^Lkaj£ dLjJLui Jj 4 a. 

. JjJdJ 

j4j (Oj 4SjdJ Lm^ ^yj j j < ‘SI j7i i'jdj4j JUu Uj4j (»J*>4~Lj4A 

4-11 j4_J • jjJJ j4Gjjjjj£ jj4i.U j j-ujjjj LijAdJ ^jl&U ^4iljljjL 

jlj_jj j_Jjjj_uu4j 4_U j»4_j »4 ~*‘lj£ « »< Ijj jI_ j I_Lkj (J4—JJjj 

( Jj4_^.j jU j»4-jjl j£ ^ 1 1 a »< . Jj-2 (_g4 ■ m4 ^ I jLu »< j^4jjlj£ »*»!< »/» 
,JJ_j4j j_iljjdJ »lSJJ-J k. 4_j4j& I » a »< (_Jj_j Ly jU«_U j4 m4j (_£4 jj 4_S 
Aj4 71 ' ■< ■ I | jjlS*j4j»L^4j ^yjj jlS»L|4j ^yj JJJ jjj J Cl I |» < » ' J^ «l‘«»< 
jj4_j jl<4 »».'jJ< 4_ilj jS ^yjIS4_ III 1< »**»4 -»Ajd 1 jjj>4_j (dj4_j j4j4J 

.jjj£dJ ji< »*■ (quantum chemistry) j»4Ulj£ jlu i's jLj 

Jj4-^4j4j J_L Jj»lS jjJ 4 < ( 'I Llj (_gjj4j (_gajl »j^' (jj j ^< /»4 ->. 

. jjj^S4j4j ^ < ■»■» j4jj> 4j LSjJ 4jljjU . Jj4d 4j LSjLjJ J j*» ■ ..4 'A.' 
jLa. jljlj4 A (^4^4 i «ujL j4 »»II ■ .* 4 _SjL ^<4 »4<J7/ . jjj»<4 IjL 

.djU4^ (nucleus) djli (_j4li-ujtj4J 
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j4_S<G .Ci j4<A '*t ■■■A ' jLjj4_jjjjLjjj jjJ 1 j4_j jt-j dLojj jjjjLjjj 
jLajJ ^ySjj4_sJjj LIJ JjULj d »<4 » jL dLujj jj jUuiLjIJ jU4JLjj»L^ 
^4—J jjJ ■ ■» *l< j4 . .. Aj4 *' * »j4 < ' jLI J-Jl>J lj_ UUJ ‘**'j4<a '" ...A.» 


4_t g jOjj< '4 *> jjjm tK (_jH" JjULj H* JJj (LLL>4_i JjJjI jj. ^JjljjS 
j4^4j .<Ljj jjj R 1 '4 » — CH 3 H 4 OH Oml J (^^t (^4j»Laj£ Udjj4A jCl 
H ^*»l<4~:I(i< .» |j4j '4< -7...jjj Jjljj^ JJj4^ (L4j jj Jjjj^ Ojj4jj 

. Clj j<lSi>J 011 ii>J CuJ j 1 j 

j H* 4 ÛIj»lS . jj4_ajj-iL jjjLLuuLIJ 4 *»l"l(]< v »» a j4j .jj ^ScuGI j4_i 

0JUÊ4 I IjG»j4 1 114 J 4 G j< I ‘j"j ‘j » "1 1 ) J I jjj J- 111 1 K (^Jj4_S 4_l H" 

dj4— * djlu-uijj — 0 2»>j (lj_utjj^»Ll .JJJ4_J lj *> |7 ,L J jjjj d—ljja. 
Lji>J»i_S jş-iljJ 4*» 1< .<1 A. jj|»4 tfi j4_l J-Ji.jj : i>j4_Ui>Ji>J 4 t Î4<*ijS 

4-LiJj 4^ ^djj—ajj j J-UJ—jjjj (jj LS<Gjj I » J ^jjjjjjG Uitjlj 

l> J J L J (J4 _JjJj - 4 '■>Jd ' I '.>J 1 1 4 <d J 4 1 .4 J ) jjj ' j 1<4 *» »aj » . ..Ij 

4-uijJ (4jjjjjjj j4Jk jlj>S (JJj<lG (JJj 11 7 1 4j | Jjjîi jj-uu 4J jLSd-ul jj»lj 


(Jjd aj i‘i*'L ljJoJ »*l‘<4 » I u4 J * j*‘»J < ‘ ‘ jI<4 *■ ■" jj »4< jl<4 ■ .7 ■ Ad‘i 

. CijJjU»U jrGjjJ (jiJjiluu jjJ jj jl<4 .*. u4j 4-ûûjj 
(_jjJ j*>3 II IJJj (_yjLS4_I j*J*J_jjL (_^IjLS jSûj 4_S jl^4_ajjj4j 
4 _jL$£jj ^4jLj_ijij»j j4_J 4_Jjjj (j4_£»Jjl£ jl^iLijjjjJ 

4_uJj4^ 4_iljj^ I ' < Y 'jÛa. '4 I (_jûj4 .j (jjLJJ . i>j4j.i.uLji>J j LS»Lj Jj»L^ 
j4—I ^l—^lj j4__^Lu£ (j—J»J (CtJj J wi LLj»Lj jL-Sdjj^. jljj-ui. 

.C-LJJ jISjJj»L^ *»!([<’'« I jG (_£4j| j4.j4.x-j 4*îm jûj 
L£_|J?» ( ^ijm jjrLfl ^yil^tGj^jdj j£dj (J»GIj4-o4-ui dJjla j»G Cl4iL<G 

jiLS* j>j>j_ 1 jij (_jljl < ' 21 _ ■> (_gj4 *‘ ‘(|< V ‘ *»i< jjljjj-aJ4 (K 

^<‘.“j" (JjljLxuj (_gj4-oj 1 *j*iLijj d»U LjcG (jiJ jSjjLjL (^jtl^jcU^cL^ 

j L_S>jLUL ‘*l ‘" 4j4_XLS cLjjj—LxidJdG . jdSjJ UIj4U. j—> i * J 

DNA j j» < “jjjj 1 4j4__j ^*‘j4 ... 1 >*»»< " j ii>j .>jd ijJjSoj 
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. jlluudj jdjj<u ^iKdjOjjjdJ : 19 

JL2<U d_S j > > ->. jJjj_ljl<l >-»-<<< j_l<L£U *J<L_> ^j-uuU IJdjjj 

d 2 /dx 2 .(operator) 

<>j4_d_l_J jLd j4 '4< j»>J>J <>j4_j ^ -> >j4 . ■< ' >*<4 < <>jlj-j j_4 (jdjLdU 

4_£<L>L.lÛ j4 ■ .<4 < ^<>J<L_£ tOljJJ jl >">>'> 4 *>1 >< >~1 »~>1 « _ j.JjlJjd 

j_> o__>jj£*J l l / (X) (jl__ _lj _4 l_d>4_>4j _Ö_Jj£-> j^-4 > V >-«. Ij^X)) 

(5jj 4J (£ljj j4_^4j .dj«L_>ljjjJ 'F(X)jjjL < >j . » cjl_«Jj£ -J_2 L y£<L_>U>j 
j I 4Jj ■**• * * J)4 .V. < < J 1 A j Lj4__<& < !.><><<> ... ><jt A4 1 4</\jl< > ^_,L_>I J 

j I />" . .<A. \ J- <j I < > j4 '< 4 < j< > I > jUljj>6J I j_'_J t A j4 " < j_ld_> O < l <<> J 

J.J ^£<Lj LjIJ<L> .4_>4d<>j4jjIJ<L) j) 4 *.l .< .“>I «~< I _ ^< >’.,'j< j . ,<aj dj jjj<lS 
: O > ><1 a <l>U_ 0j t>j (»<lj <lJ 'F(x) <l_£<l>L û j A j d ~> >jj■' jI »4<4 <‘> 

j<L^4_> u/. (j Jj_i. *«!■>< ‘I O iy.4 •< <LjI£j 4_£<L>ljj (j jlj_Lû LjIJ jkjjjj 

jj<LJk IjL-> ^d<L_>L j_> '~>4 J4< (jj^LSjJjJJ .X (j£<L_>L&<L> j<LA j_j4ji 2 /A_ 2 

? . Ijjj_ J . j _ > j l _ jj jl> X (j>4 _ |_> Lj <4 ' 1 A4 < '*>4 J_) 1 >*>4 ~J< 

■ Ojjjjjj jdj (Sine) (Jj<l><l> 4*.i .< >~i »**>!« 
j<Ld*J <lS<G<U Jjj<LÖ jLjujOj do_> ? 4_d jrLjjj|j_)l j j_><>J c I ->.*■>*> 
(Jjj4 <<> 0-)jJJ<>J (j-JJ 'i■ j<ld>J jL-ijjjd<U<L> jjj4 iii (^j.oaj jdJ'L. 

IjjjLöjjdJ (jjjjJ j-jjj<j jjj^<U<Lj (j> j4jj<l><lI .(wave function) Uû 

j ■ ■■ j4 III 4 _jL£j <L_>LdLo 4_SUj J jj4 ."> j__»J 4dil j'id ">j4 *' .Ijj>J 
(^4_>UÛ jj <*l4 '4 .V. .<jU j ji. jrûljjj . v F(x<y< z) <Glj jljj^ (jdjdjû 
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1__>IjlJ jLûjjLSd_|4 j jl_>Ulj iIjjxG_uUJ (j>J4 III (^jl^4j_ lujj<L| 

• (LuuJ^j d ili * >**i 1 C 

jXj-id (jj-j (j<LSöj<L_uu j4 < > AJ 1 a aj4 S > jj<juuû4j d>*Î4 > (jj4__uu 

(Vibrations) ^yiLS*j4_û_>j4j <lS <Ljj_ööj_>lj ^yijjl«u ty S<L>4jj.di4.> 

(j4_jjj) jl^Luu jl£»j4_jjj<U ,j_OdJ .jj IjjjjJuuu ( j*>J~> ^.4jjjj4J 

4—il j<Lijj4j j4—J j U>4__A (>_> 1 9 ^4—ij j) j_J jjl L_J Jjû. L_J (} 1 9 

IJjLj (jjjj j4-uu 4J (jjjljJ4J4-S jHjjjdj Jjj4_Ö OJjJJ<>j_j LlJ_> 
j I j 4 ~ .4 -L_ iv ' I -n. ^< << jdd d JJ Id (jj<J j4 J j jj< ‘*> ■ ■■jj J 

(Standing wave) jt*i <<<>j (Jjj<l_ö (jjjl j_jöj L_>Lj .öj<l_SöjLj 

c4j i ixLxLa ^4_j j_> (jjjl j_j 4J (jj4_> (j j_£j (jjj I > 4 *.l .< >~l »**. I » 

<Ujj4_ iji ^*' 1 J 1 J°4 < jrû_.<L>IJ 'F(X) (function) d4__>LÛI_> 

lj-jjjjJ j4_jjj4j4jlj (x) j4_ uj 4_jL£»j 4_jLajj j(waveamplitude) 

(^jjl_£»Jji. jj .4 a 4 .<1<<1 Ij >4 (j4*t !uuljI j4j j4 <Aj 1 jj J4j 

(classical meehanic) ^ < > ...M< ^< >*.i < .» (jjA4__> »j4__jjj4J 

4_> Lû> j<Lj (jdjj_ö ^< > . ..M< ^< .*.!<.» (jöjj j^4_> jjjlj< ■ ‘ 

4JLj (jjLSLua. (j4 .7 > \S jU ^JjSj K. , 7 , (^jA4_J (jjjljÛJJ t'î'(X) 

,*j4jJjjjJJ jjJ 

d 2 i//(x) 4n 2 , _ 

°jljilj j4jjj<LÖ (jjjjJ=X, 


























: jjjjj_)IJ (^S4j<3j4_ii jlj<G ^y£4j4i La-Jj-S Q■ •■ ■ ‘ b 
jj-ş- OLS»J (_£jL»J IJOJLiJj 4^4J jjjtS4j4j ^jj Jj2i 'P <_£Lû jjjdjj! 

juL Ij<Lj jj jjj^Uji jjj\£<Ll4j j4Û4j -1 ' 11 ‘ ‘‘ 1 j4j 1 : jj4SJJ 4 j4jjjjj ^4J 
Ij4j jj 4 Sjj4j jjjtS4j4j j4^4j .Çi’l) IjjjLulijj jJjIj^jjIjJ ^ < ■ 11 -j J I 
(£6j4j ^24_) jjL2 j4jui 4 ‘)4i 4jLaJj 4_l4Sji4i j»4j L£*j*j4j j_j*J 

-4jjj I Jj4Sjj Jjjjji (_r d ^ d ... t<| jL& 4 J ^jl j J 
IJ4_ IljJj4^ jjjj4_A4j 4_S4jjj^4j4j j4_^4 j lû_JJ»J ^ _ A, 

L ? 1 J jjj 4 -* j^ CÛjjSj 4 S 4 jjjtS 4 j 4 j 131 j (disperse) »j 4 jj 4 ^jjiU 

1 4 "a. j4_j ‘.'^jjJJ 4_Sdjj4_& ^j I—aj Jjj 4 ni4 jn_i_jjl J 

' ~^-4 1 J 4 j j I . j 4 îLjj 'jj (_£4 jû., :jjIJl J_J c*—J J Lj jl Û.K 

jj 4 >—SJJ iJj» ljJLui , tL&4-J 4 • I. u ) Ij a j4__lu j_j ^£jj_uij£ 

jrvj (jlj I J4-Luj4j j4j_u4j jnjlJJJJ .4j ljLa jj ^_< »“ ■*■'■ <>j4j4S 

2 . . 

'î' jjj^4j4j ^JJ-J (jjLl-Ci 4_Söjj4Jl lJj-^. j_j j4_S4j (jSjj4-J 

2 v 

'I' 4_S jrûljdJ . j-JJJ v— i4ju jj 4 1 V 1 1 o4A ( 1 1' ) ^LA4 j 4£ jr<*l l (j )jLS4j 
^'1 ■ 1 Û 1 (_£j_jl4j 4jt 1 ii‘s4j 'I' <_£Ll.jjJ tXtytZ t4j»jöj4j ju_u ^Laj 
t j——» xjtyjtzi " 4 < ij. < v »<1 jjjr<4 _ j 

djJ_j4_& jrnjljûÎJJ j»24_j (jjjljI_j 4 <4.1 a*. ,7, J.'*.4 j4_& 

j_)4j <_£4j LlCiJ*j j4j d4j Laj j4^4j . jj4£j <_£jLjJ ^*. I< d *» .7.jdj4j 
j I< ^»JJ 4 4 4, ; JJJJ J 4 J 1 1 i t L&4-J jjdj -4 <4 . 'Aj4 » *J< . »*J jjJJJ 
‘*l»jj4 A 4 *4 .-lAj I ' »" ■■•!j4j j a 4 ~l< . Aj4 <jl*.4l 

•jIj.j4j ^ljjjj^j jj LjjSlj ^yjLS^jjjjjJJ^ 

jjJJ . 4 j4Ji !'<.*.. j .~4 I jjj&4j4j 4 i?i I o4 A <_£û j4Jj4j4J JJ J 

. tj4_i 4 j 1£j (_JÖj4_jjjj J ^yj I uji «4n j4j_u 

.4j4j 6 j USjjK 'i7i aj*)4-u jl^4jjjKI 4 i?i Kjl_b (_Jj jj4j 

(^S-lJjjJ-C. (_g4 imK jU j_i (_^J LSJljJi (_gj K l ê i jjJ t4jj_juLJ jj 

j'Af^ l J (19) (_^4jjj4j jL3j_u»j 
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4_£4j 4* (_£ L.dj jj t4_S4j4j (_Jdj4_jj j4J (^j 4JU4J jj4_4 . jnuujjj Ij L 

jj*i1 1 nL_a (_jj4 <Lji< o_ jjjjöJ (^jj 4__^ jrj laaj IjH jTj d <‘lji< 

(differentiation) dj4 _ JjjSLjjs. 4jLjjJ4 _ j (Hamiltonian operator) 

j_1 (_JjL_S I ■ '4 <4 .fr. »<jlj)^4 ...4. 4 <\j4< . »jl< Luajjj A j4 * *J<A. ' 

'F 4_i O.JjSjJ jl 1 u<4j Oj j4_SjJ o 1 u4J (^4_»Laj j4j jlCitj OJjSjJ 
(_£ J_J>jj4j 4S j\_jljjj .O-JJ IjJ < 1 1 (E) jjjt£4__l4j (JJjj j4_^4j 4__£ 
(£j_JjJ J^öjLj t4_j4A ljJ«K4jjj4ji (JjJjJ J jjjt£4_l4j (_jdjj jljjj^J 

(»4_J Ij I_Lj4_i 4J O uJJ jJ I ij (j4_£jjj .O u jJjj__£ 4 <4 ■ ■ Ij .4 

Ojj4<a '1...A ' jL j4j jjd jj4j 

0»?= E*E 

.(Schrodinger equation) öjIj—ujiL j4S_ûjjj__Ci <_£4_ CuSjU4j4S 

4_£4j 'E 4 S.ij.js. (jjyj^l 4 j4 iii KIjL <»4_J 'E jjjljLu 4 /.4*t ... t jjjaJ 
(yj4_a. (J^4j 4 S H (J LjjJi I ' <■ *■ 1 < 4 I i.4j|j j^. 4 <4 .i. v ,< jLa (^JjjiIj (J^4j 
CLj jljjS (jjJJ4_S OLSdJ *j4_j j_j djLalj 4j|j 'E (JjÛj4J 4j 4^4 in KjlA 

. OjjJ (i Lşj4j 'E (jLaj j4jji4j 


04jL4j OjjSj j l< * .**, j4 < *» ■ ' jj .*.*. j4 .~r. »<jI a olSlj .**» ■.. *j ■. .*» J ■ 1 
4Sjj_^ jrt^jjJ__jU (J4__LJj4S J_Sdj (j njn 4 *i i . i J i.i jJjJjlSL—uu j_i 
4 —CÛSjU (^jjjjrt—i (_£<>jl—ijJJ (jJJj4—jj (_5 jL— ûlj 4S4jjjSj Kj .7 ) 

4 J I d< » 1 ^*»l<4 1 .. 'j4 < j ) 4 »4 .?■ .<jl A j4_J . 0—1 jJJ jlS4 IjlSLuS. 

j4j (^jjjS-uuL^j jLajj. LÛ4 j -4jjj (^JjJJ (_ySjj Kj . » gjA jlSdjjJL 
jjjtS4_l4j ~ jj_3jjJ ^ r.4 1 ....... JjK 1 1 * 1*1 4—1 4 S Aj4 *■ »1 . ..4 . A,' 4_jLLÛ 

j_u '-'4 jj a . 'P <_£LjÛ (^Jj-jS (jjl—jjjj (jl—)Ls . jjjjj4__S jL al .n OJ 
4-JJJJjJ j4_JJjjjJ (_yS4_jl_û 'P tdjlj4_l (jSjj4j (JjLûuudj (^S_djj4_Ci 
(jjjjjJJ IJ(t_j 1 9) (J4ÛJ j4J jSjjj4_& .4_S4j4j j4_uu (jjj4jui ^jlljljS4j 

< *' * a. djJ j4A4j Ij SÛIS4J t(jj 'ij^j (jaujjt <_£ U4__l 'P 

.jixru 4 jjjJJ (J4ÛU4j |j jIjSjjLJ 
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dj— sLijÊ. ^jj **—1 4—£ jl£4—ICLujji —» :20 ^4 —îjj 

■ jjjl j‘^~' , " JJ J 

,<i_j<La (spherical symmetry) (jjj_^ (_gj> i« t ■» <i— jLsj j»<(_j jj_ldJ 

li <-l^J Ly £jjj 4 j*> j-tjJj-a J<Û^ 4 J (jJj-u ^J^J^ l?jj 2 dj Jj<u 

O—ljJJûJ jj-aj j {gj&ojh I<iaj 'P(ls) (_£Ljjdj djj<U (»4 j 4£ <dj CijujjJ 
jjjS4 —14j ^j—<i t^iljil—ö»jij-u .'î'(ls) (orbital) ^Ljjjjjj 

UJ • ■■ 4_£jşjj£ (_JjJ_S ^Jjj4_l 4 jjU <"> <» <*ia ' j_uu <ljJjl_ûjj<Ll 
4 £iaJ j»4_j . jjjlj uu*J jl—ûlJ-û ."j< (jja.j4__a4j <i *. .Sj ^ . 

4_l4£) 2s ^JGjj jjj (20 (£4jjj) jjjijj»J X.Y.Z ^yjljjjj j4j <L>GjGlui 

• 4j 4U (_Jjj jjJtj jjj ^4->Lj (<(Jljjjjjj j»dJjJ Jjdjj (_£JJj 


y/(2s) = - 


1 


AyflTT 


(2 - r)e 


-r! 2 


<a\.\j< 4_jL ojj (_gj 1 < i*■ *. jjjJLj jjj 4_>Loj j»4_j ^ i iViJ 4>j 

•4_><U ,^jj-£ ^4-lJjLlAJ. dUU I J_u>4 j4j (J4_^4J <(4 <dû »S i jj r j4jj<4j 
•Cj-JJdJ (jiuj(2s) (_jJL»JJjjj j-A (ls) (j-H-JJJjjj (_jJj Jjj dj4jj4j<u 
.^(^P) ^Laj 4_jj4^»J jpL»jj_4 iJûjL*je>j<U IJdjj ^djjLajj4j j4^4j 
■J -» dJ jlj£<»-iiljj».jl-t^JJ-uuJjJ<L4> ^-ujji IJdj—jJ 

1^4. ~V^4-P ÛL £^ Lb 1. »ft i ^ ...4d< ^ 

<bljJbJ ^<Luû4.J^Lb 4_uû4_j ^*4Û ^j4_& J4 \ i j ^4U Jj^lu 


re 


-r/2 


4-s/zr 

c'P(2P x ) 4_> 4_iLLaj (a4_j .ö jlj ' <jl z/r Jjj^.I j y/r cx/r 4 _><lS 

£,£,£^<4 ^ojjj ^ojj_^4j ûêjjjoJ T(2P Z ) <*P(2P y ) 

r r r 

j£djj4_A tr j4.m 4 -jISjJ 4_iIajj Llj4_j 4 <4 .1 a*. ^ .~4 ■ -4 <4 . 

4 <4 . rp ^ |_aj ^4 <4 . .j< 4 _lj joaj u 4 <7 i4j I >‘«4 j s I ~ ■ ■jjj 

jlj4_J x/r --4 ■ 4 . .*. ^jjj 4_A 4—a4j (A J4__> (Ot_SjJ (JjL_»J 

142 




www. 


(j La4—4<L> .4_j( v P) Lfjl—Sdjl jtjj. Iu4_> (j I_JjLfc 4jljtSj <ji j<L_j 
j4^*■ . 'jj <J» (_^4 ■*:■ ■<jlu jild<Lja. j4j<lS (j<LU cJ<tjLaj jj<La. l»jjj< 
.4j<LA (_j*jj jjLuU ^<4 .1 A4 . <L>LLaj j4_! da£<L>j<U j(_^J 4jjjJ 
t£4>jJJ^4_J jjjjJj4_Sjj jL»j4_uu4j ^4_iL»LajA j4_> 4_iL»Laj j4_J 
(jj^JJ j_> jl_>ûjljlj 4jfljj <j> (a 4_> jl_j4>jj (jlU4_> jjjJJ—> Jl—)j 

.Isc2st2p(.3st3p(.3d 

4—_J L I 4 ) 4> j4 J (JjJj4_> IJ **~3.“* ** Lty J J I—j dj4 1 1'A.J v . I 

(Jj*-? (jJ-Hjjj 'jlj (j^>» ö J *jj j)jjLa4d ls <jLaj • jjjljJjj44U 

(jjjujidJ 4 j4j >i7i (a<L> j jrç^ jjJj Lfc (J<lL> Jj<L^ j K > -u 

*?(! s)= e r / 

■ 4 jJ*î<n jjjj (J^jjjl^jj (_g 4jjAjj =e 
(Jj__»jj (J4—^4 j4j (J4—£<tj4j 4—£ (jj_jdJjdJ dj<L_£jli4j (JjJjJ^r 

l_jlj .Jj4_j,jJjj*J 4_> Laj (»4 _j (_yj ."jAjjl (jj.d. j4_jjjj. .4 u4JbJj4S 

(jj4—êt£ j4 J <» ta. (jjtijAjtS^-J^j jjjj4__j ■1('P(1S)) _ j^4_SL^jjJ 
(J4—jj^ j4—J (_£j4—»JJJ J4—£<U 4 —JdjJjjU r“ (_£dj4 —Jj4j<U (_gjt Sljtfl 

4 _j»j4j (jjLuj (_^jaj_ij l_ajljJ 4_jlj<tj .4_>lJ<djli ^jjjt. j<lJ (sphere) 

. JjjjJ d IjL>4 I (r) (_£JjLa4 »<l£ 4—jIj (jj-jj j .“‘J I jjjt<j ) 4 <.d < 

. 4jjj I Jjj (^xcytz (jjld JjJj<G 'P(ls) (_J Laj JJj gij<Luu 

( 1S) (_^ Laj<Ld 4 >d j4j (_^ Li La Jûa j4_J o(r) jljj_S |jj4_j lJa>j_li 

.OlJdJ djLi (_£jj*J 4ijL> jSoj ^^SjjjSjj^j 
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(p -J 0° 


ö = 90" 


4> — 90° 

© 

sin 0 cos <p 


sin ö cos tp 

ö 

sin ö cos ( p 

0 

0 

0 

1 

0 

0 

45 

0.7 

45 

0.7 

45 

0 

90 

1 

180 

-1 

• • • 


• • • 

• • . 

... 

... 




0.14j jjj j-uu4j (cross sections) ^yjlS^jj <ub .bjjjj 

I J-JdjJ-jj Lj. (_£jj*J<Cj cLjjj <g • jlj (Jd j4_jXj-L<U jjj-t j<Lj 4 ■" iS * 

4_£<L> Lû ^LSU^J Jj^ jM .". •*<<< < jLuiU jO j 0 jjjljbji. j£4_uû j£'U 

(22 (_j4Ûjj) (vector) <Udjj 4 jluuI jlj j4jji4J 



'P^Px) (^Laj jyjL£<C^jj <ÛLj :22 (^4ÛJj 

t^ A J V * ^^4_l) (r) j<Cjji <UL£ lj 4jU1» <U >P(2Px) (Jj* 1 ~' ■ d■ < 4 jIj4£ 


j4-jjj<U jljjl£4S4_<i. 4_S j_jjjjsj j_^ JJJ (OLS»J (_£jl_!J 4_S4 JUjjJ jj 
jJ4_£*J d4_j j4j IJ _ Jdj4jj tl'L.J I 4 _> JJJ j4__j . j(X) (_Jdjdj4 _ J 

U4_> j* »<4 ijÊ, ' Ijj ' iaj j4_lu cljj^ ^yljj^Sjjru I JdjjJ jj*j (contact) 
^j l$4 I 1 1 Llj U4j jLju j4j j4jI Jjj (_£<ULL> (_jsin 0 COS O (_^jU4j<lu. ju 
jj (jajj <LÎ_uul jL j<Lj<U 4 ■ ■*■ jj4_j (_jLjU a j4_j Ijjjjj j4j j<U<U 4 jIjjj 
JjUI_J jj4_a (_^jJLluu (_yl<Ljjjjjj OUb jU4_> 4_^4_>J^ (_j_jJj^ ui ■ <~>Jj 
(_jj_a. (_Jdj4_jj4j4j . j_j jjJLluu |j4jjju>i J<U jjj^<U4j ^JJ-i jjtj-U 
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4_1L - (_J 4 <4 > ll’l J^J (^dj4jjj£_LÛf J.' .4jJ ^<4 <4 14 . ..4 a 
jyjj—^ (_^aj»j4_j> Lr a<LL_uuuuuu j4__uu 4 >_> AJ ûj4__lJjU_> J ^jdj4__J 

(j— uu4j M j-£»j (jijJLl, (^j 1 £»j»j4_j 4_S (sphercal coordinate) 

:OIj»j (parameter) jljj^ 

^11.4—1 M (jJL^. ^jjjJ L_jIj (r ) j__j 4j__uuIjIj ^j— jjJ 
4^»jL>J .(21 (^4jjj) O ^lijO LUj ( £<LlujÊ jjJ j»j4jdj4ÛJ 

x = rsin^cos^ 

y = r sin 0 sin (f> 


<l£ jru-oj^iljjsJ-.<öLjJ-djiji<i_> (» 4 j (_yjljj*jl <414 < 

*P (2px) « sin 0 cos O 

'P (2py) ~ sin 0 sin O 
*P (2pz) « cos 0 

(1*) j4mu <L><U L <L>Ujj jjJ<U j UluudJ (J<L>Lj Ljj j4j 



t>J» J<L_J j__> t> j4 ■"ijUtJ (_yjUj jt> j<L_j<L| Jj4jj__uul jÊ :2 1 (J<L_jjj 
j4_uu4j Lû (L<L^4j *■!... << jj d *■ ■ (j jl<4 . jj-i4_Iij£ j4 UuuLa. . jL£<L >j j£ 

'I'l~^j4 • “4 I <T> J 0 (^jL-^djljU^. U<t__> j_> (Jjl_< | V . A ^< V ‘j4 f 1< 

<(O=0) XZ ^~>l<4 14.4**'jjj4 I 4 <4.1 A*. (_ J jUlA4_j j_t c]<L>4j__ulU. 

4 iLj. (jöjl ej j£»jl j .4 £j o uujjj (0=90) yz <(0=9O°)xy 

■ jjj£ >J **'. “JjJ jûuû L j U<L> Ljj 4 ClJJ jjjjj j U JJJJJ<U.j-UUt>J 
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jljjL, (J<UjJ j4^ ^l^JCLuJj.j jjJJ ->. I ' < Y . 1 4 <4 .?■ . c 4 

4_IjJj4^ jjo4 0>4S dtUOjj i»«L> jrta.jjJ_>lA (_yjl£<Uj Jj<l^ ^jU<ULLujjj 
t j—1 JjjJ 4_I<L>jjjl£ ,j<LJL»J j<tS<U jludjl-o jL><Lj4<U jl£<L-UL*jjJ_tU 

J* 1 —:“j^ (2S) ,jJI—JffjsÎJ <<—£ jJj ——* ij — i* J 

^yjlSt>jt>j<Lj j4 u><lI j(dumbells) jrLL jjJ •>j *jiu(P) ^jIS 4 JLLujjj 

• j xtytz 

j-ILLLujjj jjjjjJ4 ‘jj~i j U<l_ 1 LLujjj 4_S jl-ajj^ ^jtijUu.tj j_> 

• Jj^IutjjJ (hybrid) jUjjj^djjjJ 

• OljdJjjj (Sp) ^jjJ^djjjJ jj^.4^ OlJdJ (jjLuuj 23 (J4 jjj 



. Öj4_ÛJjS»J C>Jj—S (jt£4__>Loû tlJ4_jjj_L^4>jjjJ (Jj|jj_s j»4_J 
(jLaj l.> <j*îl<4 I 4 <4->.j» I >< j*.jj .^. jjj<L4<U S (jLû (Jö j4jj<L><U 

U < tj ui dljJ_><LA<U j_j4J 4 .4 a ^ .11 ... j u4_u. jj (jL^4_j Py 

jj<L_jj4j<U (Subtract) j.j<L_S_>j*j jC£<L_>4J jLS<Ujj4__<i Ij_ljL- jjjj 
4 __u/4j J4__ijjlj *vju jjJ <L_Söjjj^öjjjJ 4_UQjJjjj (J4> Jj u> 
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t'P 2 4j 4jLuul4j jjjCI<U4j (jdj4_ljjjJ jj (probability density) jLuii 

J jL_> t '4 <4 *J < JjJj4_Ub j4 ■ ..4 . ^jL . ..<4 .4 . 4 <4 *.jjl£<U 4J 4_ul J<ll 

d '~'‘4 * ^yj H<û L__jujj 11J idj4 j (J 4 <41 . (SMEARED) 6j4 __lu£J 

. jjjrt^jjdj jj<u<u jjJJ jl^4JLLujjj ^HajljLiu. 
* dj4_I<L><L> 4_> (JJUj4j 4S >1111Jjj 2Px (jJLLuJjj JJ djJLtJjj 
‘4Î 2 <2û4j) j Lujjjj (J^jjjj -djajj^ (^jjS ^yjjj jjJ 

4 S~iOJ4j jj L2 *j*j<Lj I *■ *‘. (jûjjjj 'P (J 4 S 4 I ULjji <LiIi4j) j L> 4 I<Lûû4j 

■ 4jt.jj.iji JjJ JJ 4Jj LSjji 

4_I<U U_uJjj j_j d >1 > jj-a 1J < .~1<4 1 tdj4-jllj J-.J IJ j 4_L>JtL jjûidJ 

4_ûU2j 4£ (j'F (jl _ û (Component) '‘ g ‘Q <v ‘j (»»jjJ tjj4£ajj mjjJ 

Ij»jjJ (l 4 <L> djj^4j jL>jru<U j_lL<l> . jj jjjt. jL>jru<U t(r) j4u> 4 jU*j 
4 '“(]< 1 * jjJ j4_j jrûljJu 4a4j • ■■ 4ljj.a. jj4_£j djj gj_& jruljjLû 

11J " lA j4 j (J4 <4 1 j* * ...4 . . *.j4 < > * jlj_>jjjj j ■ 1 ‘ ^<4 . . 1 ,*Î‘J .4 14 < 

4-^4-llj-Ujjj (J<LLuuljlj jdjj-ui (JJjjj4j j j fl£-U j»djjJ<L^ (Jûj4jj<L)<U 
jjj<L 4 4 . m< * * j»<Û4^ djljjlJ Ij Ij jL jjj<U tCtUdJ (jjljJ ljjjLuiijj<U 

. Ci UdJ (Jjljj 4 I 4 J Ljjjj jj 

Lf ûl£4Jtljjjjj (J4 j_uuI jtj jaj > <ji j4*. y .j4.4< ^j!j< jl .*. .* Y < . |j 

(^ûl jûljddJ tdj4u (^ljJ -OLSj (^jLjJ (^jui. ju 2Pzj 2Py 

4_S jrûS lii-u — jLjjj — ^lj-û^j (_j j j4_^ jjjûjlSLui (structure) 

j-4 I .. 'j4 < j|j _a. j^Î4i4<4>4 ^ 4 I jj ‘J ‘ ^ d4 .4 I .. 'j4 < 

*jl J j LljJÛ J (JJIJJJ^. jj J.J La 

a 1 -^‘.4 '.4 I 4 I . 'j4 C jj ' jlj v .~. .1_wi iS (_gJ_j<L>4l 4_>l j Ji>jl— j 

jj-a» jjjjLI (J<lJl>Jj 4^ . jjo jû , i . ijjJ jLûUoJLLujjj (jj jj_^.IjIÛj 
1 ' < v .~i<4i 4 __><l& ( 2St 2Pxt 2Pyt2Pz) jjj * '< * * j_> ULujjj 
■ <L><L4 (J( ls) (jJLLujjj d<Lt j%^.jjJJlj> (J<Ul>J j4d 
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Luj L>4£ (Markovnikoff rule) > < ■*« j£jLa ^jLuuL (jej.jj£<u 

j-£a j) j^i.jjj-jL a i.) .11 a 4_£ . I > »/>l jj<û 11 n iS4_l oj IjjIj jljd_j 

j-£t>j (Substituted ethylene) I j jlj_i»_>_jj “> J)4_^4J (HCl 

l_£4jJJJl£ j4j j<UdU 4j»U.flJ 4<d*> t-ujj.t .1a i."il<A >< Y .tjl< (RCH=CH 2 ) 
j»4_J .4—1 ö jli-i *»«"«-JjJ->La (_£4 JLjJj 4^ ÛJLaj (jjjjjjj 4^4 jjJjj4j 

.(=CH 2 ) j4jjj 4*Î V >^. A.t4< *(HC1) (jj »1 * ljd.jdjjjjj 

j’lltfiajj 1^4_> Cj4_jöjjJjru j4__^.jj 1*»4 a. jlj4 »/■ »< .JJ,J4_J 

>*l iS jJj lf> J JJj *» »J J « I ‘*«4 j cJöj4 j Olj*J jU4_S.jj4S 

^i LSfljl j j^ LA4_> j£J4_> j4_£j »*l Y » ljl< ^.J4_4ij4j ^jjja. JjU. I_> 
4 -£->JjU ‘dLjjjU (j-jljjj. jj-JJJ (j n_l*Cll jtg (parameters) 

^J4-JJ Ij4j j I <4 I 1 » J|j4 J 4 jjjlj •■!<» j4 ‘jj^ ajlJ~».''j_»<4 l4‘i 


jl-JjJ jlj4-j j ilj (jil-j Ij-jjjj4j ^yiLSj-Jj^jflj4j 

j-S Jj jJLij-^ (^4 jj jLj 4j Lj.jJJ L2 (»4 j ^j I^4j4jbj4j . Jj4j JjljJ jS 


Jj Ls LLl4 . _i 1^4,_jj j Lj 


JjU JUJLI 


• jjj» j jL^4jjj j(Sulphamidc) 

(_^aj4_jjjj^ (_^j 4 j jjaj ^<‘<‘1jl j (Nitration) jjjC>l i 

Jjöj (^4 j^>) (_£4-£fljli j4jjj 4£ Ij<V i > > (_y i7i4j 4J ajIj •. >jjv^4j4fl 

(jjjj^fljLaU (^4_S.Jj (Jjjjlj ‘JJU (o^ ft J jJj£2uujjJ 

Ij_ jjjj4j (J4_j4j aj4_j JjS >4 Lj jLa4_A . Jj_j j L_oJ jjjj jjûl I _i 

j.& j jijLj (^_uijj j Lj aj4 < » jjjj4_> ‘*l * ■ j 1.1 i*«j a. jej—t -1aj4 j 
>« »lj*v 4 I jj. ji4—^ 0-1—4 aj4__jjjSjSlj ^4—JJjjJ jL_i j-jjjj 
jt>jt>j\Li v-Ij-L IJjJ-j jLi »j4_Sj 4_£»j4iJj£j3lj (_jjj_> ^jjdjLi 
0.j4__SIj Jl_j (_yj|jL_> ^jjj—J IJ*j-jJ -4_Sj jjj—> Ljj_j_j4_j 

. jjji4j jjijlj4j 4 j4 i iLj4^ 

j4_^4j jjjj4_>) OljLj JJj 4-^4 S iljt£ I J» jL (»4j jJj 4J 4j| j4£ 

liLÛJjl^ O—«—4j. ^y^jJjSj-S (J-Öjj j^jjaJ-i lj_S.Jjulj ^5 -jÎjJ 
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(_yilj_j»J Lj . .4_jIJ j& ^Jj<j »11 ... 4 Ö4J jöj—i jj (_^4_S4 j4^.jj 

I J_i I_j-LJ (_J Jj4__^4j jl<4 i\jjr<dld»i Ajj4 A j_I O_ jJlJ J JJ 

■ ( _g 4<_l~î | . ijjJ 

j—— jS (_jJL_jjjjjj d4__>4j) Sp 3 (£JJ—^»jJjJ (jJL-jjjjjj jlj—a. 

J jjjlj-^ »d4jjjj jl J-fl. U&JJÛ (_£4i_uljtj (jj J)C " 'JjJ p (jJtjjJjJJ 
(_yilS4_ijj^ 4 —IIjjjJ jj J|4_^4J 4_>Sp 3 (_jJLjjj jji jlj-J. (»4 j (_^jtj4-jjLjjj 

.(over lap) j^dj Ij£jj jrv^jjJjU ^?(S) 

(j iS4U0jj’£jU ^ U ryUwo r J 

‘tyjljdjt-ajj J(j-»jtjjjdj jLjjji (_yit^4 l I . i i lj J-Saj I JrtjS a ~i ...M j 
Oj4 n l‘l (_^rl4_> (^dj4_J j4_^4j . I J_uidj4j Jj4_^4j . 4_>jjl£_i3 Lj < v »*» tmjlj 
IJ1 la 1 S 4 I *»j4 *i.ij< .31" |j4_j tj_i jL^JJjU (_^jJj£djl_alj j_j uÊûj-Ê 
4_>aj4j ^tiU (jl.dj4j . I Jjii (_yjU4*i.<iilj4J cl*j (jjjjaJ 4jj4£ < »ljj 

djjj ju4_i ti ■•■‘t L>4_£ j4_& IJt m 1 S 4 -J (_jjl < *Jl~ ^<J ijjjjj jj4 a. 
4iljjjj4Sj4—u (jiljj l-i ajjjv-> IJjLjjj4_l jdjlj^4__i j jLji ^'i 1111 

c£j-j (j^jJjLS (j-jlJjjj (jjL-ui Jt?J-j L yjjjj4-_Ji ( j'n i n i jj 

. 0 j4 < «J (jjlj4_j j4_uu 4_iLjSaJ 4 lUla (_£jjj4—> >lj_aUl>4j4j .ûLL 
.4 j4_Si a j4j (jajLjdJ aj4< .".j-L. l.i < ■*».*?■ jUj <11 

jjj£ajUL4-S flj4 1 »4< » jrv.jlJ d_>jjja. 0JJÊ4-J (j_>li . I Jjjjflj4_| J 4 S 4 J 
4—it 1 S 4 afl j4Jt jl .*»l<Ajd *i.ij< .al" j|j4— Ê\ la iS j4—>4jljij£ < Y »*» tmjlj 

. jfljflju UÛ4J 

4 _2 L_ilJ jU4ju_*‘ ‘ djJ_i4Jt jj Jj_..jIj (_gflJ4 (_j.il _>lilj 

crd* jjj ls—‘IJJJJ o^J^/ 1 - 1 . 1 ‘ K'4 Jt! Ujjlj-J*- 1 

jl jj4—J>- ^iG—u>£ j4—_u4j jj. 4 iLjj._ 2 Uj j4— j > jJj ijfl l jU4—J 

• jjjljjlJ flj4jjj^uStj 
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w = 

Xnb 

j<-A j jjji<Li (jjj/uLi (j-jljli jlj-jj (_Jjja_jJ<4 <jjil_$idJ djj^a4j 

(_jjj (derivative) Lr £<u<G^ J a J 

^ a<i I jl_a. gj < < jû iii 11 (Toluene) jjj_lji ^jjjûûi <t_ij_jjû 
<jAj* j<t^<Ll jjjj<4 jjji£ (_jilljl^ (^jIjjû. Ij£jjI£<(J ajiljiû. jjjj<4 

.ajûltljjjk jjjj<U (_j.A<l) jLa. (_jdu< I j£j jûli 
(jj4-<L^ ajdJjjjjjj jUaj<Lj '.ûj<Lûj£aj.ijjj <ûûjljLta. j<û jja. 

(j<Û<Laj£ (^jS J jû. û J j j <841 (-OH) J ;m < sjjjjLt (j<j<Lajj ^j jj<L)<û 
. O-ljûdJ <û<ûjjj<L> (j<ÛJ<û j«j<U jjjJjj<Ll (-CH3) 

jC)L £dJJÛj <L_S<ûajj<U <L_SJ<û jij jja l<û dj<L_aj<U<Ll 

(electrophile) <t_S4jljûjjjS<Ll<û J<t_^<iJ ls jIjjû.<lj <l£<lsJ<û lj_aLaj<û<U 

<L^<ûjjj<U (J<L3 lI<Û<U (jdjjJÛ <LÛJj<L^ j<û dj<ûlj<La_u<U ■"<!<* 'Otjû 
(_jjû. (jii jdj<û> <lû<ûjjj<u <LÎJ<û (_yjjj<£<Ll<û (Jjua. <J<Û>Jjljlj djLuujj 
ajja_2 dûjjj^<U<û (JjJloJ <û jji a<t*L jj j£<J<û (jjaa. ^<û j j ■■■ i£oJl j 
.(jjjia (_Jjj jj<U <t^<IS ilijû (_ s jIj,jÛ.<lS ûl£»J Jj<Û (_jjI><U 
. jjjjjj <ûLûjj£<J<û <Lu<û j<û ^ÛIjj jjdJj Jj<Lb û 
^jljûta. (_^<U<Laj£ <t_S jjj-Sajjdj (Benzoic acid) cûjjj<Lj ,^-iijj 

. jj IjJJ (X) 

jjj dLÛjjjjjj j(dissociate) j jjjidjdjJ^A <lûIjIjÛjjj <LjÎ>jj j»<LÛ 

: djj>a_a<U <j<t£aj 
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(^AJjLS jûûjiû Jjjji<^ (jj<UJJjJJ jLajj . Jjjaaj<û .(ûÛ»J 
. (jjjj<Lj<Ll d»j CûJ I Jj<Luj<û (_jdj<ûjjj^ (_jjljaûijj^<lJ<û 

jj j j s t* j j ls (jAj* 4 -? jL)j-*A l£j-* û'j-** l? j jj'j‘*-* (j—^û 

. jj<LSj luSjjûû ^jjjijJ j|<L^<Ll 



■ jd>>4 jjî* L jLlj*A 

jj_jji jjul—j j jjji4__i < jjdJ_û j»lai<L_j djJjjlj4__i ^dj<L_j j__> 
(_ylljJ^<U I JÛ»J<LjI<L| • <tjj jj jlj£jjûû ^jjûljJ (l<d (_y£Jjl jd < ■ td < ■" 

Aj>< t..».ij< I < J <>i<.tjl< ^-jV<i < »~<| t jj *< »a jjût '* j jjji<Lj jjûLi 

(»<lS <1 5<>^ llIjû (_yjÛ<ûa<Lftj<U (J*j<LijjjG OL£ (_yijjj j<Ljjj<U jûûiû 


. * j<ûjj*J 


(£»J<U djû<t_S jjj (jJdjjjjjjJ ^4_jjjj<u jjûlû J<tû ^ji 4 jlaj^jj 

. <tû<Ujjjj jjûli 

(_£<LÛj j<U t| (_yj tû<(U) jrjjJjjidJJ I jG» j4 iikU *< <4< v . Ijt^ j<t_^<Li 


j j<LÛ»J j*jJ<û o 111 I J ^ < ■ I . A J<t_lj<t_a jl£<t_a<Ufcj<U U_jj lû (24 

jrû-JJdJ . jrû_jjjj <lS öjjjjuijj J <t_!jjjijjûû j jjji<û jjûû jjJ 

tr-*'uf^- ö 1 -?-** l?*U-*j ( x ) ûAh^J? û'j-** l£*J-*j*^ 

. <û ûi 1 £<l£jJj Lj 


149 


■com 














L£4_jjSjdj 4_£ 4 ^ l~l l~~l 5U jjj-l^ (jjijJ J<LS<Ll Cf.HşX <L£ûjlj-l->jJ 
(^jiL^jSU ^jLjjlj ûj»jIj^ 4_1 .û^ j’i m jjJ H 2 !XCV.HjPtCIi) 
tr-^J 2 j(jl^4_»jUjj<Lj jlj-fj (j^jJjLS <j--£L>^ j 4 —^ 4 - 1 

öjIjJ dUjjjib Jj>l£ 

• djljxjjj (X) ^yjl^djlj^JjJ j4_uIj4j G ^yjlSUHJ jii4jl j4j ^IjJj 

X W G 


OCH3 

8.5 

-0.27 

CH3 

3 

-0.17 

H 

1 

0 

F 

0.3 

0.06 

COOH 

0.09 

0.36 

C1 

0.08 

0.37 


X ^Jji>j4_i j4_uu4j G ji U 4 .J ■ jgjl S l ift 4 < v .j4f 1< <b£kjL j<Li-u<Ll 
jj .UJ jjUjlj Y jjöjd j4_j j4_xj 4J logW jt-LtStjjU U4_J j j_jjlj 
^j A4 1 P U4j jl <")U .Cu j4j>J ûujJJ jUjjj jl j4j (^yS— lL ^4 *. ..lj 

■ djdjdjjJJ 4j4ijji (Jji/ 

djdj4_uu ^4 < ■ ljl< (j4_i j_l Cldjöjljjj. û-uU j^4_> jjdjj4j j4_j 

■ Cu j4jJJ .**■ ■ ..a. 1 

W= -3 G 

^ *"‘j 4 j4 44 1 j J j_^ d_jJljl£ 4 4 ol -fcfrjjfrj dj4—J P (^jJLu {£ IA4 1 

■ 4jj4jjjjj ^jlji»jjj^4j4j (jdj4jjjj^ ‘ dfjjJ ^U jjjJS 

(X=OH) J)Ijjji jd_^4j 4 <4 < ■ ~. .~M 1 jj ji£ (^jiijj (j£.jJjU ^jjljj-j. 

OH (j(8) jU4_J j ■ Ij ■ ,L. 1 J d *■ ■ j-■■ *>j4 ■ J4 *4 I j4__J>jljjj J4j 
Jjj.I > A4 ■ (jjj4__j j t jilfljJLjd > (-0.37)4 t 4jl ui£4j4£ 
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(K) ^^>4 ■■ < « 1 ^L& ^ t a \ > ..tt*C\d , it 

^4-U<ij<u .dj<Gj^^d jjjjj (equilibrium constant) 

^X i^. ^ Lûd_j cdjdjdJ 4 JJJJ 1 4-£4JJ4j4J jjj^4J4j Jjl-ij <>j4^4 Vijj4j 
j4_j 4^j j.^ <IjI j^ <7 >Ijj j jjj jl >.<7<4 -j4j . Çj- n>J jj l-jj 4^4 i4—uujlA 

jJdJ jjjl jV 4-j4£4jjj jjj J)4^4J ^<>Jj4j 
. jjJdJjdJ j Lû >j4jJ4J > Jj4^ j jj Ij 1 i4j jl^4jlj4^ I J^jjJ 

^ [ XC 6 H A COO }[H + ] 

[XC 6 // 4 COO//] 

^l-OdjJcLA tj jAXy U ^jijjjL^jJ jljjj ^djjj 

O.JjJdjj 1. ui V1 CT l 1 1 <i4j (H = 4—llj) jlj^4_JJjJ ^X.l jjj4_j iiVijJ 

CiU djujUJ X uij d<d .•.jjTO ld iLuLi (jUljÛ4£ 

G = log Kx/KH 

(jUd__l4£ (guess) j ~lj I n4 K t dj<L_J ^jil_ l*jU<Li j__iIjjdJ j<L_ijji 

4JLI<U<L> j»J»J j jji£<U<U <LS <L_i<UI jljikJjj <Lj<L0jS j<Li jj G (jU ‘II ■■■ 
j jjCS<Ll<U 4 S <U<UI jljj-ljJ dJ<Ld j£ j<U jj (J II I 14 ~L jd jU<b jd 5d ~l ljj<Ll 

. JjJjJJ d '*‘* g *.l 4S<UJ<U<L1 

djojjjj^ (jjlS^SlljlS (jjljjj. (jUUjl^jl (jjlSU<L 4S djljjlU<Lu*i 
j4 111 <Lj<lSjJ 4_1 L a _ l _ a J ■*** ■ J, lj ^*■ * I * A j<Lu*j <Uj4SjJ jLSdjl jl_> jj\S4j<U 

J<L_S<U 4_ JU U<L> j<L_j 4S jru_Jjj IJdj-jj .G (jjlSêjlj_ijjdj_i<L> U<L_i 

.*>j4jj j |j(Hammett relation) CuuU (j4S<Ujjjdjj4j 

Log W= PG 

• dj4JdjljjjJ 4jjjjj (_^S<LldjU4S dj4jj4Sj (jji HjSjl jtS U 
(aqua regia) jUUi jLi 4_jjjU_i jÇi5U (_£ljil_S j<lS<U 

• j ‘>' H 2 PtCl 6 dlAjjjiU jjj-lS ^j-Uijj jdj4_jjjj»j Ij4_i 
j<lS<U CiI <a * < ■ Ijis I jjlj X ■ j ■ t# j,jjj4_> J<lS<l1 ^ ■ 1 j Y .a . A « 4_uûjj 
<L_ljjj<L> c I J_j Ui<U<Ll (jj4-Şj ^J_aj4-S J j »4 S * **» <<j ■ ■■ ^j—ûûjj 
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j(P) crÎLUfjp jj J -6 ,J (P) ö'iP j<4 ,J (S) 

(SP 2 ) (jjj?- (jjj+ÊfijjjJ ^Gjjjjj {jjui t(S) (^fJbjjjji 
,J _ijj jrta.Jjj_jU ^yJLJLiJjJj jjJ J)4__<4J (SP 2 ) ^t-lujJj jjJ 
fl t')Jjjt£ II ~ * ■Jj< j>4 I I <11 I ' < »~1<j I jJ <A '~ . ..Jjj J_j<u j 

J_j4j j j_^*J I J <J ' j_j (j4_£4jjJjl£ ^SP’ '* JJJ jjj jL>4_4 j JJ4_<4J 

jJ<A ' * . ..Ijjj 



djj—3 ,jjl^4-ljjjj ,jjl^4- HIjjjjj ^ijj—^luijj :25 (j4-jjj 

.^L t?«li4j jl n5j. <> Jj4j <_yijjj CujujjJ jtZtZjajjÊ 
jj<A '~ .-.Jj ' ttS I II) (jj j.Ji. (j J_j4j 4j I~‘Jj -*■ I '< ■ I j4_j JJ «4 A 
(Jj4_S.j4j j4_j (jjjl j-j*J jJ<A ...jj' 4_S*Jj4i (J!»<'.“ (Jj4^.j4j4£ 
CjjjSj O.SJJJjj d.j j4jIj j Jjjj j£ (jjjJ cJjji4^4j 4£dJ j 4£ (j4jLa£jujj 
jl.~l.->-4 I j4_jjj Q i ii IJJJ jjj a<l »< « ■ ■■ j-jJ < .d . .(26 (j4_jj j) 
Pz (j4_£djL 4_1 tjjjjjj jjJ I ->*■ ' c ' . jjdJJJ ‘«l '*> djj4_ilj 4_a. jIj4j 

*jj_3 (^jl£4jjj 4£ OJJJru4j (J4 j4j j4_jjjj. JjJJ . 4 ’■ ■ ■ ■.jjj 4^4 j4jIj4j 
*P (jljû Jjj4jji (j jJj4j 4^ jjjjjdJ j t^4_ijjjt^4j4j djj4_a . 4^4^ jjlj£ 

■ jlj^ l_Sbj3dj 
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jjjj4_l jt-^4j Jjljjj. Jj 4 a. Jji_l3 4^ Olû (JjLi J dj4j J<J .~ '<jl AJ ■ 

i~i1<a '< v .ljlS i’l v .*. .~M ■ jjjJd J)4<4J 
4—iljj< (jlJ jSjjj l inû (jjj34_£ OljdJ jL_jjjji jjl—lj jÎi4_j4j 
jLûI<4 ■ 'j4< -aL j 4__i jtjjlj ‘*l '~1< (jlu j4__j t jrb—J jl<J utuj^ 

. jjdj_l jl^4_JJ4jjJjru 4_jj jtjjljjj j—SLjj^ 1 ■‘■4 j J jj4_i IJj UI»JIj4j4j 

.4_ iJjjdS jû.JjJJ_LJ4Jjb (»4_jjl jS (jl_U ■< IJ4_j4j U (S4_I il Jdj__lJ 

jL-JJJjjj JJj4 ^ (j4 5 'J OJjJJdj iJJ (j4 '4 < Y .J j4__J jj4 ij G4_s 

.(Molecular orbital method) 

C5-f* <J*J^ J-i JÖiJJ-} IjdjLîi 4_>4ljj j»4j j~iii< (£4£jju4j 

<j^J <L -db j4_S4£jûjj< (jjj -3 (jj-ui j jidj ^j-j djLujjJ jj4 _<j 

■ j-. *' ' 4) ■> J j IS 4j j_u_j (JjJ ' 1 ■ 14 ' 

(jbljj (atomic orbitals) jl^4jj4JbJj4< 4Jljjjjjj j4_uu (^jLiijaj 

jj-A 4 jj iaJ (overlap) 4jjj^.lj£_Li <»4 j . Ij jtS4j J|4<4J 4iL ji jja.I '*>*■ ■ 

. I jil£4Jb Jj4< jlI jjj4j Jj4j (^jjjJJjuujjj 
; j^dJ I '< ■ ■ jJLjj jj J4 j j l£4_iijjiS4j4j djj4_ft 

jjj — 1 '< ■ 1 ^*' 1 <J*.'J -■ J jl<. bjj4S (^jjl—j d _ Jjl£ t(»4__S4j 

■ t>jt>j4j d4jj4j_u 4jj4_St>J 

(^jjij_jli4j j" • “ d lt>J .>jd <d td t j l<d <jtj (j4__bjb j4__j j j J 

■ Oljjj4j IJ4^4Ûjj-u 1 '< ■. 

(_^jj*J4_> ‘ . )4 jj4jjj4j jl£4_jjj (jjiljjLj Ij—aOjjJ (_y.JLi.4_J 

(jjj—a. -4 <J . .dj4 jjjjjJjiu (4_i4^t>j4jlj4^) IJ(Y) (jûjt>jJ j 

j(C7 - bond) I a < > II) (j J_i4j O-JjJ jt>J_».Aj ( (*4_£4 j ^yj Li) 4_£>ji4j 
(II- bond) (j L> (jjj4j CiJjJjdjujj (j»djjJ (j-lhi) jbjjj (‘ d jj J 

.(25 ^4jjj) 

j4 tS >J >J ( i Î ' -n I ' j* I ' *'4 ‘ J Jj4 < (_yj|__^.JJ l ' I 1 1 ' t 

(_yjLLujjj4j jI '< .<J . 4_£ 4_j4j> (_yjjji£4j4j jl jJL. jjjjts (_y^4u4Jbjj4< 
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<ULLujji jtLj j 'IMl' 'I'A t&jj^. o jAjuj I j~i i I Ai4j ^j j<Ê<J ^jjjJ&dJjJ 
(antibonding) aj_j<uajj ^JLi-ujji dj j<l^ o.jjjjûjjjj VIO'F* <LljJ jJÊ 
jj <t_j Ljljj<u (»U<u (_^jLi (MO) ^o-Sjjjj j<U ^jJLjjj jjJ . jjaJI j<Lajj<u 

bonding ) j_j<L> n ~ *<jj'< £>Jj<lJ> ojjjjaj_ljj jj'j^" •■■jj' J—j<L> 

<LuJ j<l^ ^yJLjjjjjj j<Lj jjajj <lS <ujj jj> ^j jid j<lj (molecular orbital 

j£<Ljjj) O—L> j!Cj<lS jl<d u<LL> Jj<LS <U Ljjjj jj <U <L j<Uj<L2> (£ajjU J jj 

.(27 

LjjjjjjU <l£<Uj<lj><lI jjjCSUU jjj LÛU jjjjl j_>*j ^ajUj<u<Ll 

Ij jjJLû<i j<U .(jj—Ujl j AO jjj4 jjjjU ^jJl jjj jjj jMO Jj<i 2 

^j^jJULujjjU (II- electron)<LS <l_>Lj ^jj^UU jjJ<lS OjjUöJj*J 
j 1 £<lû jj&<Ll<û . jjj_jj|j Ij >»A<uj jjjji jjj (bonding orbital) L?J-j<u 

. jjjljjjlûjj (arrow) jû (_jIaja<u Ij27 (_j<ûjj<lI 

4 jjjIJL jjjjU Jjjjj 1 ** jjj <<» «< 1 <j 1L jJ ... <Ljj_^aJ 0_ uuj 

(^jj<u jlj^) <JL>j<ul j <l^jLj<U UajrLjjj (jiaK Lu» (jjj<u j(butadiene) 
P (^JLJLu jjj l$jj£ j-Ijj j.j ajjLO . jjUa jjjjjjjJ (4_£j ajlulj LaS >■>> 

■ <1 < < <IJ ljjis<ûjjjl£ jju<Lfc j<Lju<U 


OJ jJu »*aÛ4 j <L^Ûj jl juu<U (jjjl j_jdJ (jixûJj£ iuxUIJ j»4j jL> j A> > 



(28) (5<ÛJj 
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(jJj4_^ (_gL o<j (Jj4_<j<U (jûjuUj^ (Jjji (jJÛjj-u :26 (J<LÛJJ 

^L^oJLLujjj J jrdjj4j 

((j4_SaJjj) (_g4 <4 I > jjJj<L 4<L| *P ^yjKoûj t) jjLaaûJ<< • ■■ jû*j J<L2> 

‘ • ■■ (JjjSU 4-<<U4j.jj ajjj .4_><LA jL>jl j l-J. (J<ûLuuj P (^JLjjjJjj 
jjJ<l< (jj<UaJjdJ Ij (jj*j (jjjSU (jI>U<uJLuu ajjj j (jj£a jJ-uujj J 
(£<LÛjj) (Jj^jjjLjJ jljljj. (J4_<jj jjJ4j jLU<ûjjui Pz (^jJLLujjj 
jjj<<4 > ? jjdJ jl jLjj. i ' <~<-41 ^•j,»<<u jajûiiL ji <4~i(j< v .. ^LS .(26 

4 ~<l >< >“<l A~1 « (jjjlJ_jaJ jl*^4 <~'jjt<<l ld‘< djjJ—A <ÛJJ I '< < < 4_jlJ 

(»4_J .0—4.jUjdJ jl .~‘1<1~ J Û> (J('P) (jl aj jjJj 4__A (jajO jJjûj£<U 

(AO) (_yjl£4 1 XLÛ Jj<Û 4_JLjjJjjj (_yjJJ ->-l '< V ‘ < ^jJLÛxUkLI 4>Aj'< A. 

MO (Molecular orbitals) jl£4_uJjU 4JlÛjjjjj <Bj A ^L^tUuj jiÊ 
. l PAB= 'PA- 'PB Oj jjjaJjdJ djjj_a<u ji «><<<~‘~jC<<> «>< jjj <Jjj 

j 1^4 < >jj^£<l 1<U ijj4 4> (_g<ûL «7>4 > j<L_j j4__<4j -1 J__LÛ«>J4j _J4 <\d 1 

<l£<l!I j-ujjj Ijajûj) jjj ->-1 >< .. 4_uj£<u (_j<ûlj4 \ > jl ‘~‘1<4*<1<~>4 < 

.OJjjjaJjaJ djjj_a<u I j<û <(Oj jjaJl J j4_uj<lI j^4 «j < <..■<>> (_j4\l.... < 

'P*AB- 'FA+ (-'P AB )= 'PA- 'PB 

j^£<i _><U jÛ<i_> LU Ij_sajjJ j_yj4_ JLj.<lI 4__>aj<û (_^L_jû (jl«aj4_i 

j C A (jjl^4JujjU jljjj<U jjj^4J<û (_jjj. Iş .(subtracted) jij£aj jöJ 

j *4^ < < ‘1. IjjL jjJj<L4<L| A. 

:(MO) (_^jj<l^ (_jJLjjjjjj (_^la. jjj<u <ûL juÛ4j <ljjL j»U<u<U 
('PAB) 2 = ('FA- 'PB) 2 = '-PA 2 + 'PB 2 + 2'PA'PB 
. jLûl£<Ujl jLjj. (_jLa. jjJ<U <ûI«««5<U IJjdjjJ (_JjLj4J 
('P*AB) 2 = ('PA- 'PB) 2 = 'PA 2 + 'PB 2 - 2'PA'PB 
L£j-Ş> ‘MO (_yjJ JÛ .. Ijjj (J-Jöjjj (_JjL> <UU (jj4_SdJjdJ dj<Uo<Ll 
(jjja. ijjLjj (jiidjU aj4_jjjajj<û I j_jIÛ< lL> j j<U jlIj-Û4 I (^jjj&U<û 
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■ jrÇjljlijJJ ^yilSjJlijJJj,j JJjtl^ (_yi lS<Uj J jj :28 t?4jjJ 
j_i j t£dj_jJ j djj Ljjjj_jjj_ 2 *jj_j ISj *jd_l j ^.j j4_aj jjj. jj 

(^jlj-jjjj ljj-i<u ‘*"l(]< * 14 I j 4 _ui Ij-LJ j Liijj!CS<U 4 j aS.jj.JL. jJ jjjjj 

• j4^ti 

(_£jjj4__l jL_SUa. ‘*l ■ I A ' \d ■ ajJ 4__1 tjjjjjj ■ I J4__jj jlj jjj4__) 
cdl<7i i~i j4_i 4-ljj^.JJ Jjjja. j4.J ^gJjOS cljjt^ .4_ilJ _ij jLijjjCS4j4j 
bonding ) jlS4 «»■«*»«<« 4_1 LLujjj«U jilj_jöJ jlS4__ijjCS<U4j Ij«l_j 
I j_ij«U d4_iöjLi j_i j jlSdji«Li djj <UljjLijjj jj jdjj jL & j(orbital 

.»j4iii n i 

jLS ‘«.ij< ii ■ ■ ■' j_j (jjilj-jJJ 4 _i<l& d<uLu>L I ' ■ ‘i~j<d I 

.(jjiûfJjl^ (jjl j 


‘ 4jLub jk^J 

j_j jjjLû ^jijjjl^jjj-uU jjJ (dimerization) ^yjjJj^—S jjJ 
di ut£ jlu j 4 _j OlJ j jjj I ' ■ < ■ JLi<U j <V)JJ .<LSj4.j ^jjj^jjjijjJ 


■*b‘<4_i ^yjjjC^4._!<U<U 



Jj4__4l jjjj 4__lt_l4j 4 _JLlUjJJ J<L_^<U jI^JjjJj^^ Uj t^4 I 

I ' < ■ ■ 4_l Ljjj L (l4—j (_gajjj^4 t J_j (_£<(_£*jj Jj^-jJj lû ^j 1^4 ajj 

jrûljjLj (i_jJL uj (J4.^<U i_ULjjj ji—14 -lj -< (J4_^4.J <_J4.^.j^) j—^.JJ 
jrJlj_j<tJ ^SjJjOS djj lû JJU j 4_J . Llujjjj (jj (_£j lû <Ls4j jjjSt 


. jrçjl J tj jjj ^ < ■ ■ 'j4 ^ j 4 _uj <Qjj.j.JJ 

4_l4.S) jrJLl_j<L_J lj4_i (jlLjj Ijjj jj jLaj-j . I Jjj_a. (l4_^4_i<U 

j_» (jdl—jjJjjj jjjjjj4__J j4__S<U (II* (_£ J—j4j JjJ (jJl—jjjjjj 
(j.„*L. JJ I '< j ■ (^¥2 4j4^Jjj4j <ULLujjj) jrçjl Jlj jjj (^jjjC^<U4j4.J 


jr^ilJ'—JJUJ ^5-1124—J (jJl—jjJjjj jJ^Laj 


-1 
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A (_jjlÛ4JjJ j<l^ jj (AO) ji<4 ■ <411j jiS 4.JLjjjjjj (_^ajj :27 (_^4jjj 
4JljjJjjj j4j jjiL$£jj Lf'î'* J 'P (MO) <jil£4_JjJj4^ <utjjjjjj jBj 

. <ÛIjj<Uj Jj<U 

j4_j<U (j*jj jjjû<Ld 4Ûij_a. 4JljjJjjj jjjiJjj_ui4j 'F jJlûjJjjj 
4 5 4 j~l jji^<U<Lj (_£jj4—& jlj-^. j<LU (djdj_jj (_Jj-Jj 4-jjjj<tû dj4_jj4j<U) 
.(II) 4Û4 jL jj<Li (Jjjci. (^»jjj^4j j-^- a. 'I '<A tilj jj^Jjû<Ls Ijdjjj 
(^jjjjdj jjJj^ 4 ~i5jl jt£ ( j , jjlM 4-J jjJ 'ib j-lt-jjJjJJ 

I jJ .Q I ilj-LJ (_yjl jjJ ^< l jj4 *4 < jjjjiaj djJj<d 'F ; jti_uJjj (»4 l l ■ II 
^4—1 4 *il~î 1 ()< < ■ j<L_J jj n4 . Jjjj jj ■ ii j_i jlj jjj<LU<U 'F 4 J* j ■ ■jjj 

■ jjJ-*J‘ ,t ' < O J l?j<Ujj<U 4Û djöjljû. (_j4jdjjjlj 

^ O /=\ /2 

* V» 3 l> 4 

4 *s4 ajj 4_ltj_Ujjj jjJ 4_1 jrull jl_jj_u <_£ Lj (j4_S<LijjtS<U<Lj jlj.a. j<LU 

(jJt j-Ujjj 'F 4 J 'F; tf ‘il<4 II"..jjj |j_^_lj 1£<U j_J|>J |J('F 1 J 'Ft) 

■jS <tij^L jjj^4j<ti şjlA j jji4jdjj 



.com 











J j ^JJJ ^ 1 i 1 'Vi ;.i 4-£ Ol^JJ J (jLalj djdj<Lco (£4 j<L%j (»4j 

. (jj<t^j du£ ilIjlS jjl j<l >jjj 

l—>lj (j<t—>^<Ll jl<<< ..!./».< i < ■ ljl< ^j>4_jjl j& «1 »/> »< (jjjjjruj 

iSj-Zji ^LjLj tfLilj j(R. Hoffmann) jLaijjn jLj tJ % > a<Lj 

.Ijin%<u jj jLJjjj ^yji'sLa. jLdjj j j<us> <td ljjjjjjj<tj K.Fukui 

lkS JiSoj$> 

ojjia-t, (jj-ooL j^j-ijjj ^La. j jjJj<Lj lj_ij£4J 

J<t_ajjjj (jj<l—> (jjiljjLj t j_»jdJ |jj<t ajl jj (jj.L^.<(J JJJ<I_J j»2<t—J 

(_g<> <*»->.<<< ji<d< .7 .,.M . (jj<t-j LjIj j l_i.j<L. <Ljj j~i i,31 jLjj (Polymer) 

(^yjjj ^l M IJjJ JJ<t—£ jl£<LU_LLjj jyJ<t_> <dj<l_2jjj^ jl_jljjl£ J<LjLL<j 

(j%_JJJ (Jj_j J(_y-alj-j4j (jJ<t-J < jjJjl^<(_J j»4_j j jl_3j£ 

jjjj (_jjj<t_^ Ljj<lj <Lilj<LajJjj j<tj jr^. jtSaj<LajJjj .(polyethylene) 
jlj<L> C80H162 u^Jjj L^jjJ -j L*i (_^Jj<Ld <jjj-aj jj <jLajj<td jjj Jj^Lj 
.( jjj j jrJjj j<La-Jjj jSaj (paraffin) <LjjiljL jjj<l^ j<L j^<l> ajjjj 

(Jj<t_ajijj <t_£<L><U jLjLjjjjd “L <t_d j<t_il JjLa J<t—J jL£aJ<t a 11jj 

<t_il^<Lj j<t_i (jajLoj<t_S jjjjL^Kjj I jjjjLa d<t_jl jJ<lj (monomer unit) 

. jLSj^L jjjj 

<Ld <t_>Jj4j (jLiLa (jid j<Lj Luj. (jLiLa jlS<t_S<L> (jl.jjj j (jJjLaj 
1 I <i~l<< I .LJ_>J dLjJ <t_j<L> jlj<LA j__j<j j-jjjaJ <J<t_>dJjLa (_y£.jJJ<t_^ 
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^yjjjT^^Uajd J-J (yJLjjJjjj J)<t_^<Ll (‘PS (^J-i4j ftjj (yjt-JJJjjj) 
<L_SJjjji. Jjjji—ti j_^.JJ I ' < » « (H (^J_i<Lj a 1 LjJJjji) jrOL>_j<t_j 

. jjjljji Liijj |J(29 )(_£4 Ûjj (^J^La. (_yji«4j4j 



(_yjjJj<L^ jjJ <LÎJ<Lj (yjlS<U jl^<uijjjjjj (_yij^.lj%J ;29 L?<Lijj 
. jr%j<(j (_yjjJj<L^ jjJ j jr%j<(j J|<l^<lI julJljjjj (cyclo dimerzation) 


j L2 <lJj Jjj jjjo <t i i~i ^Sjjd < jrdjj<|j (_yjjJj<td jjJ d Jdödj<tj j<td<Ll 

L?^ iSJ+ZJ-^i (jjilj-i*-> Lji<t-j ((^yjjjlj 

jjJj<(_* (_yilS<dljjjjjj 'djl^li jLajla. IJjL j»djjJ4j .(<% 29 tJ<Lijj 

jlj-jj < Y 'IljlS<t_S (jj<t_S*JjdJ jt_ajj djja.a4 i . jj^dJ_£<Li 4 _£jJj<L^ 
_j-d 'Aj . ." (^<Lj (jjilJ-Jjj jölJJJ JJj )j I^JjLjU jrJLl—>4 -J j jrulljLj jjj 


djdjl_%. 



:Oljlijjj ljj%jlj<tJ jrdjj4j (JJj4Ê jjJ <_yjjJj4^ jjj <_y^4^ 
Ujjjj&<U4j . ^yS l jJJj J<L> ojjj^j. JJ 4£<LijJjj4j *Jj<td jjJ ■■ 1.74 . aj 
• OljJjjj Jjûjljj- (J4iljj^ j 4 j jjîidJ Jj4Jj<L><tJ n* j> dj4jjjjlj^dJ 

159 


■com 







































4_> jjj-loJ djl_jlj jrjLl-jJ—JjJ jrOU_jJ_j Jj_l . jrjLLJjj_> 

:<l£jJjl£ 

n CH 2 = CH {-CH 2 - CH 2 -}n 

(£dj4iUuj jj jjjj (_,34j4i I ji2U«Ll t?jjj4j jJLö4j Jjj 

JJ_> jlJ (_yjl£j_u»jl Jj4j 4—a.jlj j-j j4_sijjlj (j£j_>i>JJLj j_Sdj . JlJj_i. 

j4 _cQj j_ j (impregnant) »j»j4_ £jj ^4 _j»jjU j _ j 

. jûjil^Jj 1^4Jj<LC 

4 1 1 Jj4^ 4 JU 4 J j;j< t~..■ jjj jrOLujjj Jjj4j juli (jJLuuj (jjjljJdJ 

(J4jb4j (L^4_> . Jj4_ujjlj I ' < v »j4ÛJijj 0JJ&4J 4jVLuUj j4j I jj1£4 ujL uL> 

I J_jjjJjj J jj. I > jjjjLS (J J_>jjlj djlj_a.4j j j V ‘ ■ ■ ■ jLjJJ IjjJ4_lu 80 

j_j (_yjt£»j4 J 1 jjj4j jbU_u4_j iJj—> (jjjlj—jJJ (_yiI _uj Ij4j .Jj4_jj jjJJ 
jrOLi j4__j J j ‘ < ‘Itj ‘j~ (_yjtj|j4 ■ (jlu j4_j dj4__jjjûuLau. 

dj4jujdjJLi jLa. j»4^4j . Ijjt^ i _ y j4_>lj_j. jli4J (polyethylenefilm) 
. (jj j « 1 1>J Jjûj ^4 .j<d . 1 -< * * jjrujl> ^4 ‘j<j . IJ L>>j4 i_u4j j L_Lû L> 
(paraffin) jjsljL> j jr0Lu»4Û Jj-> 4£jj.m. o >4^ 1 j^sljL> (jjjj ^ljûaj 
jj^jjjuU (_yS4u4jjjj4^ j4^4j .4j4j» (composition) jLût^ij jL»4A 
jjjj l~ ■ ■■ I j4_I dj4-_jjjj^j (phenyl) J Û4 » (_g4 » 14j 4_J jrdj_j4_Û4j 

Jj_j j_> Cuj4_uJ4uaj (^j|_u>I j4j 4^ .o_>j4_£aj 0 .iioj jLu(Styrene) 

. JjjjQuj 

j4__^4j jdj4._Jj.JdJj j4j I Jj J4 < i) (_£4__1j 80 4_J jjjj liui j j_> 

lcI4j4jjIÎÖ 4.UdJ çJjÊ Jjû. tj j[Ê (j\ jU. u&JjÊ jli 4 jjjÛj 
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J £4 * jLû4_d (^J4uu ^*‘ * * jjlj4_d juu4j dJjLû jtj4_d Jj*j ^jÊjJjJ-Ê 
J4 ii> gj V ‘ * jjlj4_J> jjJ 4_J j_J (j^jJj4_^ j uidJ l*j >»id >j_ujL$ûûu 

-► -Lyj 21 *^ 

j—i j j4__d jj-ud. jlj j y . (_gj4 flJI jj (^jjj (j^4__JdjtJj jju4_J 

(Jdjjjjo_ > . 4j _uujjj j'j < *■»Ij . ^<»/»a*î jl iAjd V'j< 1 .-v< .1 

^jjd < .al~ 'jd *» . -l *■. jû__uj 4J jt£dj4 a *lj * jjj4__d cdla4Û_m uu 

natural ) juli jjju ^j4 jjJjj .(class) (Jj_j j ■ j_j j »j< * ' 04>|j 
jjS.jjudJ (jj4uuJ jj -(jj_i_>_ddJjd j jt^4jjuu ijjju 4 »4Aj4j 4J (polymer 
4_u4_4>j4_> j4uu4J jK<i ■ »I ■ ■< dJJtu (_jj4_^_>jIS4j) (artificial polymer) 
Synthetic ) jljldjLuL JjA a lI jj t( jjjjjAdJ_a4Aj4j jt£4-û -■ JJ-" 
j4_ajJja (jijJju j 4_4> (jjj^dJ djLalj monomer j4_ajjju4J) (polymer 

. 4_£dj4_a_lJjj JOjjjiij (jjl^jj JOjJjÊ<Li dj4ÛJj^dJau4j|j jJ (jûLjQ. 
< j ‘ c)4_j4j jljldJ l_alj J(jJ_ iujjju (£j4__ajJjj (jjl_(< ■ ‘ j lûdJ 

(Synthetic polymer) djIj£d j l_alj jji a > Ijj ‘«i<4~ Jujdj dj4_ij4j4J 

• j^dJ (jJuöjjuu (Jj4 aj I jj (J4jlj4j (_Jjjj4j 
j_u jjjiÛJj_jj j_û (j J_u4uu4jj G (_Jdjjj^4_u jtSdj4_auljj j_judJ 
jj^Lu (fllm) (jJljujJ JtjJluuJj e?j4—auJjj ju jjj^djuu4j|j >4_ijjjsû 

(thermal stability) jl_jjr^ua. 4_aj4^ j<1j _uûj j4_>u4J 

jLSdjljuuG dj4__d dj4__auJjj4j d4_jljJ4j d4_utj J » A jjjÊO J >u4ulJ 

dj Ij_j IJ jl »»1 »/» »< *îl (]< »» j4 ■ >>4j4Û jjjj_> <»«»>*» ■■■»■.■ j ju Jj—> 

. jj4^J jJ (_£jl£ I ji tjj4uu4j 

4jj4uu4Û j4_ilj4u 4_>4jfc jl ."!(]< .» jujJjt£Lu>4£ (j4_ilj4u_>Jjj j4_j 

tjÛ4__j j 1 iit£dj\aûj jj*‘l<j 1 ‘~‘j.‘jl< dj\_^ûj 4 JJJlu (class) (jj__> 

(jûlS4_L)Jj4^4u ljj4__j jjjjl_£ (jûl£4_L JjJÊ .OjJ _Uu jjjjtÛ4_I 

'IJdjuJ . Oujuu4udJ dj4_j Jjj H (Jjj (_yi LÛJju Jj4Û4j Jjû.L j^u jjjj U 

Jj—i J jûj_j4_J Jj_j J_Sdj jj-ûj (jijjjlSjjJ-jU 4—llj4_ajJjj j4__j 
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,J J' }~' d *» “» Ji jjj—^ J j j)' i J aj<—a^j^ j »<(—j 

jL ijj) a4 A4J j jj~ * ...d.jVd <■" I ' < ."!<<< I 'Aj<t ■ ‘J~ A ' 

*J<t" .J~ 1A.\ jûIiU 

jdj<Gjj— luUj ^yjl—uiU<L (jjilj—JdJ J—jjjlS Jj J (JJ —JjjiS 

<jSjj<(-jIj jbjj-lS4_S jJi ^^jIjcLjjJjj j<U >j<LÎjjSjba. 

(jjj j_uj L_jlj (Calcination) <t j't <»iK> lijl_S j__a. ^ <jj^ jli<(_I 

.4_S>jS jLi *J<LJU <t_S>j<Lllj I •«■*< < l * jdbj<La lljj J<Lw aj<La-u j*j*j<l£j 
O jiaJ jjcLui 4_S >jS Ij<Lj jjl J.jj (_£jj_lS (_£4_Jb Jj<lS <l£*j<UjJjj j4S<b 
(jj_> (_£ J_ljjiS I jjA j Lflj 1 £<Lj (jaj4 ajJjj J<(_j <Lj*j<Li (jLilj (jln>j<(_j 
lj |j 4 I ijju (jj_ijjJ£ (copolymer) (jj<( a 1 1jj <LÎ><LijU jjSb <tJjjjli 

jIS J •»-jb .^jj*j_—JjJ JJj<L_S 4 < <) £<L4jj jb >j<(__ajJjj j<L_j 

Jj_j JjSL-j J_ijjt5 Jjj ^ISj-ui tJjjjll Jj_j (jj-ijji^ (fragments) 
Jjj (jjjjji^ -4 jIjjj jb (jjJjjj) (polyacrylonitrile) Jjjbb jbjS4i 

.t>jj<Luu ^i7i<l^>jj ^^ tA j j j-ijin>J 0<Laua.>j<L JjjjU 

(jila<L4j<L (tetrafluoroethylene) jrJb_j<Lj jjj_li >jlj_a. ^jjj<t_aj<L 
polytetra fluoro ) < '■■( ij 4 J jjj_li ajljjş. Jjj<(-S j_3ljdj jLoJjj_uu<(j 

:(Teflon) 4jjlijj Jji.b (ethylene 
n CF 2 = CF 2 -► {-CF 2 -CF 2 -}n 

■ >j4_jjjjb I i < <j4jjjj A << 1 J * * * • ^j<l i>J J Lo >j<(_ajJjj ^<t_j 

L?jj<(-J j-aj4-S (5<(-b j(jJ<Lui (J<Lb 100 “jSdj (j-ajj (_yaj4S (^ < '-b<(J 
dLjJjSjS .d_i jjJ£ jjJ_iU (j_lÛjj .<U <J Lîs.. b (jJ4_ui (J<t-b 250 j_S>j 

jjj-Ji djlj-a. Jj-J (£*)<(—a^ljj f» < (—J • j4_Slijj (_JjLS dLjjbb Jjj.L_i 

j_»jlj (_£>jl J_i<Li 'jl<J ubftjt£ dj_Lal_j ^jjjS o _ujjJ4j <jrJj_j<t_j 
(_£jSj<t__i (J4—1 bLxajjj j(jjj__i j4__j (jjl . ,i4i 7 i _m 4J .(jjjjAdJjl^4__j 
(fibres) I j iluJ Luuj ^^i JjHL—ujjj j<l 1 U>jj4 —a j<l_j<l> j t ■ * t * * <s 
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J<(—j ■ CaJJJ-uujdJ (_^jî(<lSjjJ (_£ Jj>j (_yS.JjS4.-j ^yjljJ^.4-1 Ij4_i 

. J 'J *■ j Lij4_jj L j •L (_yS,jjj_i >j4_jjûJjj<L ^_iJ (_£<t_j La.j4.Ji 

4-L^.jb (_yjjjS.jj4_S<L (jîuj4_j lO-ljjaJ4 uil >j4j |_yJ-u»lj O-liljj>J 
( _ y S<Lllj^. J<L_u4j dj4_jjjSjSlj (jSd-JJjJJ jLi ^ySjjjjjLLul Jj_j 
j_i O-i-ûûJj>jJ<L& i*l »I Ij4j O-i jS-uj 4_S jjjj Llu-u (jjJ j4S4j .j LS 
j4-uib (_jLn>jlS (dielectric) (_ySjj4Sjj|j jjjjLL_u Jjj .jjjjLLuj 
(foam plastic) ^< <" ■ u^b 4_Î4S (_yjb.J 4 J<t-A j4j j_> ^jjjj.AJJ jIS4j 

• I ^uQ^<U CJ^^LU 

(_£<(_SdjjjJ >j^Şij4_J jrya. jj J_l L& (_yjlS4_bJj4S<(J dljj_j<LA j<(—S<b 

JjLLi jruş—uiSjl jL_l jr^.jJl_A (_yjlS4 bJ j4S4j jrJLl j<L_j (jj—1 

jL,Jjj_ui4j ^j-Öjdj4S (jjj (_jj<(_ajJjj lj<Lj *j4_jjjjSj jria.jjijb 


C)<LjLj«G JjiL 4_j4-a^<>j jjj IJ-cûd j4j J4_^4J ■ jj4^Sj1 i«><>J 4_»4Jb 

^ ^4_LjJ j4_^4_» jjjJ.. »U ^I^wL_1jJj4^ jaj4 a■ , 4 <ulj 4.04 , 44 « 

j IS 4 ~lJ-y .jjJjU (_JÖJ4—jj jSj-y. ^jl Jj__S ÖJ<L_ij4j<(J 1 >j4_LLljjSj 

: OjjSöJ >J jui-a<L 

|j_laJbj4_j 4_l jru^ jjJ—llA ^S4 t4 11J j4Ê ji4 a. JjS Lj d4 »411Jj<(Ş 
O-JjijJ<t_aj<u>j 4_S>jljS_ljj <t *■ ■ I <~a j !-«.*■ ■*> >j 4 j_ijjS>J jj (_J<Lbj<tS<L 
jdbj4_j (^Sjij-^jjjuU (_j>j4_i jj . ji4Sjj jjjjjSL .(polymerize) 
Vinyl ) 4 S 4 J blî (_J Jj ijjJLS (^jjj<LaJ<L j>j<lLÎ jjjSu jjJS ^S<L<Lb Jj<tS<L 

: 4 j>j<b jj<(Sj (chloride 

2nCH 2 —CHCl -► (—CH 2 —CH —CH 2 —CH ) n 

C1 C1 

j<lSjjIj j_S>j (_£jjj<L_i .>jljS>jl ab <» (»*»'la Jj__i jj_j jjJS j4_j 

,Ojjjj- 4 i>J jLS<l b> jlS (_^j 4 jIj jj (insulator) 
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^ 'j * fglass rod) 4 jujjO ^£jJjj (jj>&4j jjJj4 <> JjIxxi 
jLj j A j «J a* 4 <AjdV\j< »al" (jjj_> jLJ (_£4 £i>jjj jJ<~ ...a ' 4 I 

dj4 ajJjj .^j|j_jj Jj4^J4—j 4—£ j_3 ^dj4—jjjijSD <^4—JJjJJ 

■'‘Jjj JL>j4 n I Ijj g Lilj . Jj4_jjjjJJ IJ4 <J 0 < ]4j 4 J 4^0jjjILmjjJ 

■ d J>f 


(j4__^_La. J_ jL^jjJU jjj *«K*.tjJ ^ d<d .Vj" j^jJ < >jl< jjj4_l 

j*j4_jj^*j j <d ij~. ■ j (ortho) (jj-jjj_j jjU j_u j_Jj j4_ju '■ iajjJ ** A 

. OjJ djj (resol) JjidUJj (Jj4 n 1 Ijj 



jLj Jj4_ukjj jûj4_jV JJj' 1 ■■ Sj l ) jIÛ4 1 d <Ajd\.\j< tati jjjj_j 

(Jdj 4 _^Jj4-ajJjj I j ‘sj^ ^Jja. ji4_a. ^djlj4_l .j2j_£ (JjL-J (JjUj4_^ 

(resin) j <j->.'.~ij aj4—jjj£ i?lj (jjj_> ‘«.>‘«i< "■«»« i «*“< j j^_>*j 

jjajl jy^ jLi 4j4_ij j <j-«.'.~IIj«U d4_>4_j^ jL> • (jj_jjjJ>dJjdJ .< <«» *«jjj4J 

j _a, «dj4_jjjjlj |J4 <J tj(< Ij‘«j I j <Ajd/..lj. 4_S 4 __>LlUj Jj|j<L» 

J4 ^4J Jj jji (polycodensation) j4iJ j£L> «j>4j. dj—s Vlj jjjj 

J >l4JjJUJjs jjjLS^Jj4—^ j (j -« A.\ jf ,7,j_> Jdj4__> 4__£dJjL$j jJUjjj 

• (jj—uujidJ Jj4 _^4 j4j (resol) Jj—LUJj ^yjUdj-jjJ djjjijj ^jjlj-jjJ^j 

(resite) OjL—j>jj (Spatial network) M^t^öjş ajj-j> Ij aLU>4j4J 

.Ojj^jj (cMljjS tr^b) 


OH OH OH 

cH,_ ior CH nör CHi 

un, CH, 0H 

fnl . frfi /-fnr CHî 



^-4<d ... ■ .. 4 <~.Aj<(j j-1 . ~4 \ jjj la 4.j|j ■« jj_J j-j~. . AA,\jl£c|_J 

. cL)j4j j4j 4JLjL> j£*j jjjJJJJ ‘i...A.\4< . >j4jJj£> J Ljj. 

dj(Opaque) 4 j i»jjti (_y£4_jdJjU (jrdL>j4j jjjds jlja. (Jji) jjls »*> 

IJ «“ I J»J jdLi jjj 4_> 4^JJ jr.JL.j4_j (jj-> IJ < «"l<4 I lj 40Jj04j 

jrylijjjlj jrdL>j>4j jjj < ««4 .4~4 . jlj^uujj j^j j4£.U j4_£4j :Oljjj 
jrd * j jjj IjO*j4j J4S4J . Jj4jjjjjj^JJ jjL jj Ij4j 4<4 ■...jj | jdj 
J(jj4_^JJjdJ j-öjjLi j4_L>4j «jjj M4-rfdJJjJ4-l ~ 1J j -Li 4 _ÖjjÖ 4J 
M^JJjruajj^J j4_^4j j»ÎÎ4-J (jj-ljJJ djljjlj j~i mii 4j (Jöj4j (jjjljjlj 
(J4_l4_a j^4j j»JjjJ w < 11 j 1 J* < j4_& j4ju> ^< *~« *-« j j '«I a I «*. .1 .~4jjj 
j4 ~* ■ "4 ‘. 4_j4.j4aj£4j Jjjjj-j ^J4 <4 *« .->■ jj . «1 a j Jj4_jjJJj^j J_jj4_s 

OuuuJJ (trans parent polymer) jLaj jjj jiî->j4_ajJjj Ij4_i (COOCH 3 ) 

Oj4__1jj £ 4 jjjj J *~*4 * Jj_> OJjJjdJ_ lu4^ Ojj4 <a.\ 

(polymethymethawylate) 


CH 3 

| 

■•j 

1 

...- Ch 2- C -CH, - 

1 

c - 

| 

1 

COOCH, 

1 

cooch 3 


(Organic glass) ^ljj>4j M4 j4_ÖjjÖ o_>4JL>jS 4 jlxa J_lj4_s Jjj 
lj—L jJ 4—j Ui JJjj-SjjjlS \j j~ij <» 4j 4_J (jjlj J-^ 4 > jdjlj-uili 


. a j4jjjj jj 

(J4_£4ijjjt£ jjJ-jlA djr^ajj jtû 4ljjj_> jjji4j ^1^4014) (jjiljjdJ 


^4_JJjjj jti Jj4_j_> JjJJS (_,.JLLuiJj^4j b>. . 'IjS J .j4^ .j4_4jJjj (_JJj4^ 

(Jjl.j (jdjllj^S4_J (jl>4 >jL) 4_S jL>4_J> jdjj.ljj4_> Jja. I > *j4_jJjS >st2 

4_S»jlj%^ . 4d4_SI Jj4j Jji.L> 4_£4jjjj jLi Jj4jj IjjLfljjJLajjs (j/.40 
^Sj.JJ.LS jjjjU (_jjI>jj 4J dLjjjJj ji4jk jlOL> a '< ■*: 40 jO jJjj4j 


I JJj 1 *. ■ (Jj (j4__J 4__SJj4jJjS_lSL (jjj_j> 4 Sj Ijj4 »>4 j ^ * ■■■>a 
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jU (-CONH) ^<tJ<Laj£ <t£ (amides) (jjjLa<tj jlaj<LajJjj jjJ ^4£<l> 

.(ester) Oj4~i■ I|<(J j<LajJjj ^4. I I.II I '< >"l<a I .<Lil Jjj 
Oj<LÎj j 'Ij<~ ■ ■ ■ Jjj J_>L>4 j Jj_> (j.jljj>JJ<|J <t_£ (jI>L>j.S4j cJ<LxLo.jU 
j<Lxj<L> 4_>jJj <t_4JOJ jij<i_jj jj 4>J jl£4jLj> >j . j LÊ j^<L)Ij_*. (_£j_^ J Lj 

jjj.a.LL> jj<i_JJLi < ) o ||>4A ■ OjOjIJ 4 JJJ Ij4<4 iSiLajS 

j^4_>4j<Lljj jj (jjj_^öJ 4^<Lu>LaijS I Jj 4£ < v «<«< Ij-L. jj4jk<lJ . Oj4^0J 

jjjiaj4_^ (JjJkLj J_>La<U Jj_4 ^L-jjj .JOj (JjLj ^Ojt-S 

j4j_uu4j Jj-J (jJ I in 'j 4 < Pj4 «>0.' ljjJj4>4 m ^ < ' <j ■ ■ ■ j_ 

4 i U * 1- ‘ J j'—^ (_y^<jlj_L». (_Jj—S _jl_j 4 U jUoJ 

. Oj4_JJjOJjj<L> j (SOOt) (jj<L-j j<( _ ^4j (jjOjt_3 < y «»l<< * J jJJ ...A ' 

.~.j~a ( '4__>jj j_>La4j jjj _> (j.j| i>i)j j_£oj j4j uu4j jj_> , LjIj j 

(jJI in >j I JjjiOj4j j<t_£<t_l .0j4 *> >jjLj IJj a jS ji ■ »4^< «jjl<jjJ «I A 

(^jJjL^ .OjOJjjjOJ IJj2>£ (_yJJj4^ (j^jjULj (jjijj<(J j4Ixj4j Jjj 

4^<(JL jûjj (^jj^. (identify) £ s j d ' * * “'~ 4 ja IJ4£4 _ul»jj j<td<t_l 4JL j«jj ^<U 


■ CiJj *' > 4> O J j L^4 j 

jUjja4_4> — 4_SjJ j jU4£ 'jUJJjjU — jL^4 jj~i i 7 ijj_uu 4JLu«Jj 


»jjjj l (3^Jj L?-»^ d _£^0 (^j^-ajJjj 

(_jjj_uj. j - ■"■«jjU <t_jl j<lj ■-««•' < >« jl^<t-jj_La<U 4 i~ijj<L| (jj «‘«*~ jj j 

A JJ~* 1 Ç^ * * -(Keratin) jruiljjS ‘«*~ jj «<» J ^jjj. . jjjLa<U jjj (jJLuutj 

jU-uJjjU (J_jjjjjj l j *sj 7 L^4J .<L_>ljJJ jl_a.j4j (j^JjJ'L-S 

4_jjj<L> (_^jjj.o_J - «jl« 'ijjU (jjjl j_j*J Oj4_jj<Lk|J . 4-_>jj Ij Jj£.j.S 

j l_j <» 7 ,J<A ' 4 ^<lI I III >J ■■! -~ I< (jljjd_j Kjd 7 »j< . I ■ -V (^4_^4 jj4jjLj 
cSj-S J-^OJ jijik.Lj ^j—u u^jLij-i jjj__uLiOJ (^Jjj.4—S .Oj4—Sjj^ 
L^ 4 —J*—» V—( jj “ » (JjJ—*- C 'jj jl (JjLjjJ—uu 

d <d »«Jjj (_JuJj4_> (jj|j_tj (_yj uu<La. (jj.jjULj (j_Ljjj<tj Oj<tj JjjjSlj 


(jli0j<(j OjL < ■ I I ' JJ (j-^jJjOj j_> jJjjJoJ <L^4jjjj. (J-Sjdj .<Ljj f«j4_S 
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4 <d iji;<]<U (jjl£ojj<t_^ Ij4_j .ojdjjI iii ij jLj ojjjjo j <Ujd<ld‘»d< 

»17 ... »J aj<t_j j4j<(J »0j4_jl^j J»jjd I jd ^ ■ I j ■ ^<4 »Aj_V»j j~» I J~. 1 •» 

-Jj —jji (_jj4—ajJjj j4—J .0j4—jjjjlj Ij —il^Oj4jjjj4J (resite) 

j4__SjjlJ (joJJl a ^~» 'j<7 ...jjj j_> »j*. ■ aa.' jl^4 __> jj il^jjJljjji 

. jjj> ...<u>jjj jJLÛLuuiLj j(insulating materials) 
(jlj-JJ <Lj jJj-^JjdJ d4jjj__^U Ojrçjajj (jKjj4 ajl jj L_> l ~î i nVt 
(^-aj-JJ (j-Ê j jr ym's jj »jrç^jjUU ^jjLj^Jj Jj4^ »jjjjt^ ^1^41)Jj4^ 
j-> OjOjljj. (_j4jl£<Ljj^.Lj OjuJijj Oj4_ajJjj j-uu j»4_j .(jjljjj jîiJjj 
q jdPf AdJ J*^ <L JUijj (_yjJj ^~i i i ijjJ 

II 

(-C-CH 2 CH 2 CH 2 CH 2 CH 2 -NH-) n 


Nylonö 6 jjUU 


O 

II 


O 

II 


(-C-CH 2 CH 2 CH 2 CH 2 -C-NH-(CH 2 ) 6 -NH-) n 


Nylon 66 


66 jjuu 


o 

II 


o 

II 


(-0-C-C 6 H 4 -C-0-CH 2 -CH 2 -) n 


Dacron jjj£lj 
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— a jjit_£ — =l jj jUjl ; iş.4_J lj_3dJ) (camphor) 
j<Luj<U dJ<G < ia. (_g>j) i i"i<l> * aJ *‘» jaj >< »~ ^jl j<Lj<l> <l£i>j j 4S >*i 
4_^<Uj.^.J<U Ij_j jj£ ujLatJ aja jj <, (jj(^jljjLS ^< v »S<i ■<!" 

J_> jjJ I ■ • '■ O_>JJ J*J (J_U Ajd ~ ■ ~» ■ /. A. ' (^<û_>_3», J<t_J J ■-» ‘»lj AaJ 

jn1 1 i *«I‘‘ V ‘Q nd * j<l> jj jjJ»t ■ ... (jjl£<Ljl jLû .(<LtL> <GIj) (Celluloid) 
(jjUa.<U d v »<j... (jLûjJ djjl^ . j_>jU<u »*i »~...m » j(lacquers) jLjjj<J 

ÛJj<lU> J ....>■> jLajjl >1 ti<> (jjlSijjjj Ij<L> j*'»»Q»jl<J » dbjû>Lj (jdujj 
ûj_u«L> (jj^fj-jş. (J<l—I jj (j—aJui (jjj j^Ci, .. ijjJ ^gjl .» <I m i jj jj<L_S 

.(jj.jjAdJ jI£<l OtSjjK (j.JLijj j(incombustible) 

o j*> JLiw^ ,^> 3 J 

(jj_)jJ Jjû. L> »j<< jjj<La_u o i nOJ<L> djJj<L3> j<Ljjj juujL jû.jj La jj 
1 »| V »< »~ ■..V <L 2 kjlj j»2<l_> . jjLi JJJj<U j<Ljjj Oil£<UJ<L4> jLaj^.JJ ûu<li> 
(j__jjjdJ djdj<L_^J Jjl—ljjJ j<l ■ >i<Ll (JÖJdj<l—»u> (J<L.j jj<LA J<L_J J<L_jjj 
j_j I » » » ...Ijd I . jjlj Lj3. Jj»j<L>j> (J<L_jlj<L> (J« I jlj<L_> j l<J 
(_J<> <d » »j »J. > (jJ<L_U> j4 « I l<t 1 <J<L_> 1*1 » » ...V j^JIJj >2) .-» . ..A. \d » (J »>J<t_û 
4»jû><LS *jj*j<L> jlj<LS> J<Lu> <U (j j i Q ijlS<L> <J_>j_u2> o i >aJ 0-><^-> (jjJjJ 

J<i_S<lI . (jj_>jj j Lo<l_&<l <U<û_> L (jjjjSj_jjj j_> j~ . ■■ >j > > <>_j j<U 
(_jjl jLl3 . <i_S < »»'» o »7i i ■*“< *» (jj'> > 4>o j j 1 £<l> <lS (_jaj_jjS j<l> <Ij_Oj j<L> 

.OLj_>jjj <l>IjjU j<L> 

<l__uj>jj (^dJ__jdj4j JJ ■» ...V j^jjjj__û jjjIj >.v> 

j-j clii xiV (_jLiljj .Q i )<> n (_j*j<Lj j_><L> j(jj iTi i>Ij (_£<t.£<L>_> LjJj<I.j_u 

jjjLs (jjLiiiS (_£ljl jj<U djjdjjd^ djjdj<û jlj<i-ft (tension) jjj_>jjU 

4 I iVi j«>j j<L_j (_JjI 11 ijJ j<L> ■ I jj|^4 I > I x> li djl_> jJj<l-J jU<L_J4»j 

(_J Jj4_S tl 0< V » ‘ jli<U (_£4_£<La2*j t Jj4_»j tjjJ J4 j ^<> »<> .?. v »<lj V»j<< ■.. 
j<tL> (>^<L> jj»j»AdJjIS<L j U >1 xi <f J<0jjd.2 »*ll<t j <l£Û naJ V<LjIJ*JJLo 
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jli<L-> <I_S<L>Jjjj. Ojl J jLuûL .<l_jjjjjj (_gaJ<Ljj •.■!*» (J^û |I> jjjjjOuJtu 
J-Ûjöj IjLiijjtj (jjj<Lj (j£<LjJjljrçS JjLj j LU !»»'»»» jJjJjjuÛu Ijjlj 
J-Sdj 4-SjJ J jlj<L£ .(jJdjli j-> (jjj-^JJ <^<L>Jjb. (jlidj j-jjJdJ .<l!j 
jL< lO<l> jj c jjjj_uu> jj<U jj<U>j<L><U j jj*» i Q< »» jjl >1 > xi<U c jlj j<i_cl£ 

djjlj<t^<l -- Jj-J jjiULJ- uu -djtjjj -- (_£j<l-(jjj- J J - Söj 

j jrç-j^t ji><Lui> (_^<t_iJ<tj (jjtS<i_S<Ljjljj<U U<l_> <lO<l><l£ (polysaccharide) 
(_^<UjJ ~ *»■*?■jjuuj (^jjI1j<lS<Lu> (Jjj .<l>I j_>j jl »*»»-».. ..<j‘» ^£<u<lLj j<U 
Jj *s*i x iOJ (_ r a<L*j<U j_> OuJjjj^J (_yjl jflj's (_5<I_1 jj<L> (jjjljUaJ ~i>jlj£ 
jO_>j^<Li_j.j |jlj»j<Luu<U c<LIjjS (>,4j (jjlj^l^j<Lj jj .(artificial product) 
dLjjj^j^ (juûjj jJxL^ (Jjtjjj4j :<lSj jjUL (nitrating) jjjLli 

j L<U j j_> Ij »*» j i xi<lL jO,j ijLLi (j_Ojj <lO Ujju I jj<t_> jLi >jJ < » 
Cotton ) Jjlj-S (_^<L^jJ<U d<L><La.jtj . jjljilJ IJjLlu ^jt-j (j^ÛjUj^l^ 

j <u jjiuL_> jjj (_^djl_j j_> I jj_Uj jl jSjjUL >j c ; .. _i >j jL4_J (wool 

4_^4^jJ .4 _£j jUjSu (U jJjjj) d<Uji. 

,d4j4XjJ<L> (JjL Jjj 

jjj U (j^jj<Lxtj j4 i >><U j<LÖj<» »U»Ujj a<U jû,„jUj_j. )»*»<> **- jj 
4jljjJ (jj jljljx , jj I x .i jj .djdj4^ (jiOjj Ijlj4_4><u ji>ji>j<lS_> (_£jîb 

4_J<LajS ‘‘ *-*-jj ' >L (_^4 _JjJ j<tU <cUiJ 3. >jjjj«<*î uuaj O—i|jLL 

. jjljj-^ jjLLU (_£<L_l<Laj£<L> 4^0j jljlj x i (_£Jj 4_^ (j.j|^4 lj i i i t jjJ-lU 
(_y£jj24 ‘>J*i 4j <!>JJ-> dLuij 4^i>j jljlj “ I (j-JljLj 4_iljjJ (_Ji>j4_j (_jljJ 
Q XII>J (_g<L- 3*> ' I Jjljrç-^ J<L_j . I>j4 _ jj J*» » ‘ |J( 1 :2) JjQ< l< _ j Jj4_i_U 

j_> Uj*» »aa 'jU<l_ j(Collodion) jj__>jjJj£ ojjjj>j lL> cû j<l_S»j 

41 lu (jjj__0jjuûi (airtight) ___ O»<« *» Ij<l_a jcL<lU jj >j< » ■ .■jjJ 

(jjjju j<Luu 4ijjiidJ jjJjjJj^ ■ jUdjljUa. 

4 > (_gjjI 1 1 i XI (j-il jbi 4—il jjJ . >J LalalxL j-i »»j«*..»j< »al~ 

j_jflLS Jj )0<l 4 .‘> ^4_jdjIjrç^jL <>j 4_£_> ajj-i >jj-i jIj^j<lU Jj^J<lL 
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^jjl a j4 ~ »*■'< «j‘« 4_£aJj4d (_^<(_jLjjLjlj ^lj£jj<U <i£JjL j<l_^. 
O-jjU jiaj<i-J (j—uiU ^_j»J -Cj-jjjjj IjL-j (^jjJ—“ lt 1 

I J—_lj.<. Lj<U <4 * d A IJ_LJ' >J 1 <U £jJJ^ ^ d *< <aj < . .<lj (j.\jJ SJC 

*< < -<.*<< I < .r.Ajd ‘< J4_^<u . Jj_s Ij <*■ ~ A- 4" J Jj 4—1 (j La4 <Ajj\.'j< <al~ 
<SJKHtJ trî*-*^ jUidj4—uu jlj-jj ijaji-a . j£<L-> j-£aj 4£aj4iJj ‘îj < 7 < 
:0_1 J<jjdj <Ll jjjJj<u j»<L> (Jjjl jj*J <0<l£<3j<>J|jj 

r = lyfn 


4j L£ajt^_»La ^ajLoj ~n 4j L^4jl^ a4a ^jujj — 1 

(Jjj.j_u 4J-Uilj4j (r) (^»jLo 4_S 4 < <*< Jj4_j (_J L_j Lj jidj4—j j I—JJ^ 11 
.(_yjj<AdJJjdJ 4<4 < <„)*‘ A J ‘4 '4 I (^4 jIA4j j4j J 4 S 4 J j_j Ojj^. j(jj<L>4j) 
j4_l (lj ^LA4 _j <dj4_Jjj^J djl_JjjJ 4_£4 jJjL> jiLjj j£djl_i j»24_J 
(r) Jj4_j j4_l4j . 0 j4 *: < <A.' jC£jjj j-j*< < AA.'jA,' 4^4 1 j Jjfljj4j4j (J4 jLA4j 

(^jjjj (average statisical quantity) 4jL>jljLj (_jljijj (_jjj Cjjjjj»j_ljj 
. CiJjJJJjdJ h=ln 4_> C>—>jydJ 04_£djdjljj (_J4_> l£jJ j4_j J J<L L> J j4_S 
(futility) (jjLSlj j_> ^4 Jj Jj^.L> 4_SdJj4^ ^jjjjj^ ^xJLj h/r ^ajjj 

h 1 — ' "... 

l.jlj _— . v /i,4_j 4jl iii<4j<l£ <OlJOjjL ■•■'*< 0<L_£<3 j<>J|jj (j*j4_jjjji. 

V 

■ Jjj-I jj Lj j 4 (>J jj jjjJ Jj4^ j£aj L> 

jl >~l< <4_>d j4j <_1jj _ju<i (jj%_J. (j jJ>4 _2 jru_jj|j ^lj jrjlj__jdJ 

dj4_jjdJ O-jjIj jjLSdjjJjljj. Jjj-I dJj4_^ (j->ûJ j-4jJ) êg j êijS ojlj 
Lj .o > >4_j (j4_^4j) cJ4_> ju 1 ‘*<4 " 4111)1j 4_><tjLajj^ j4j .(Straightened) 
jl_> jj jjj j4_lu<lI (thread) <J_>jIJ >‘<4 ^ :jrûjj_jj jj jj-a4_> ajljj_£ j<L> 

j*j_£j jlj JjJ (jjl^aj4_u> jj4_^4j <J4 -Jj4j jLSajlj <4 **<-j 4_a<L> J_jjIJ 

• djdj<La_>jjJ jl jSjl 

£jy^. j jLû 1£4 -ijL jaj4_u> 4jjj-ui j_> aj4_jjj4SLj jL£ajlj jLo jK 1 > 

.OljL_i jjj Jji.L_j (jjjl_i gij4__u> (reversible elasticity) 4ilj4__aûj 
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j4_)^4j 1932 r :Sl__o4j Uj4_j dj4_jl^ajjjjj (J4 _S<L>ja^. (^djjjjA—> 

4_I cljj<__u>^ .Jjljj—u (jdj4__j (Mayer) j4_ >La j;j ■■ ■ ■ j_» ^yjL-ilj 

4_j .o-jj^aJ O ■■■ jjJ jLO < <" ■■■*>> 4j>lj (Caoutchouc) dlj >»1 jLS 

■ j*j (_5-C“>j (j£4j4j_u>jLj jj Ijj-SaJ <j£Lj j<Lu> 4jlji.dJ IJjjJjjIj4J 
4_L)Jj 4^ I ' -'<*:<>< O-Jj dL-jj j-jjj (Jj4_a_lJjj (_£ Jj4_^4j 4_)dJjLa (»4_J 
j4_4 . jjjljLu>4j Jj4^4j4j ^ÛIjjJ (_£jj>4_> 4 j jl£djlj£jjL> J 4jjjjl£ 
^Jj4_^ (Jj_>jJ ■ ajjjL ^.jj 4^4j jlj4A jlji«L*4j djÖIjl^ (_^£jJj4^ 
O-JjSj j ojj ,7 i iS >1 j <L$a>j4 a > Ijj £Jj4.Ê j4^4j Vdji4^. dj4 o 1 ljj (»<Lj 
d_iijj£_>Lo j;4 < <j*.d < 4jI mS4j (j4__S4 jj jjjJ Ij4_j .(thl'Cad) jlJ4__> 

. (micron) 

^4_SdJj4^ (jdjjj^^J <jiljidJ (^J jjjJ Jj4_a Jjj<t£ jiuijjjtj ^y^JjlJ 
^Jj4_^ (jjl—> 4 S<Lo_ÖjjjIj (_JjlJ <l£ij_a. <jjûjlj 4^4^j_CiJjl£ 

OlJojjLuû <*< (_g4<4 * <j *jj jj <d<djjjjjl£ 
jrû g >o_< (_jjL^<l_> l_j|j jL»jj^4_> jl_a(Stretchout) jL ■V. iSIj (_j<l_Cij 
jI >0JJ O jt^4 I |7| Jji.L> jdJ *j4_ajJjj (^jt^dJj4_S Ij j 4J 4^j|J_3_ 
4_jjji.aj 4_Sajj4^ ^Jjjjj LjIj <l£jjIj dûjlS .(zig zag) aÊ\yÊ-aj jÊaj 

^yjl U>ljti ^<4 * Ajl aJ -V (_AAj < <J < Ajlj | j4__J ■ jl j (^JJJ j4__U> 

(jj S ij ij i > MJ_> 4dLjjajjJ jjj 4_£öJj 4^ ^djlui (jjilj-jdJ .(jj_^aJjaj 

_> 4<ljAjl .7. a>jjj__^ djl Lj jj*j4 j aj LaLÛ4 j ■•!<> .Ajd*. 'j< .aLj 

(_£jj*J<L_> d_>jLa. '~<4 ^ j4j_u>4jj djj_u><Lu>»J<U Q < <jdjlja jÊ- >jLa. 
(_£<lLu>IjLj .o_>jL$j djjL îLxlx <lS.j j (_^ljlJ jLu>L> a j4 *> > IIja. < < I j_>jd. 
(Jjljj-^ (l4u jluI>L .4 111 >S > djj4_fcLS j4_u> 4J 04 <AjA ■ j t ^jaj<i_j rija. 
j4_u>4j jLuijJ j»jOj4 < * ûjLjjjJ dL>jljk '*<4 4_jLjjLxj4A jaj4j>ijj. 

^oajLoit-a. j4_£j jL>.j-u>jjj jj-ÖÛj (ja j4_j j-Êaj j4xtS 

.dj4 a_djj Jj<Ld ._j 4 *<1 .< <~l »jl. < >I < 'j /i4 < o_>j4_j*J o iiiOJ 

(£6 JJ .~.j~l ij Aj4 ~ ■ J< ■ Aj 1 ■ '*<4 A. 4 <Aj4-..Lj< .Sl-j-1 <j j<Ajl ~ 
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j j J :>j>jl^£. (_g4 -Ajti \.\j< ,Ş|- ^4_j (JjlUj<Lj ■**■ ■' l_kllj 

<_SdjLajj jjJj4_A jJJ_> i’l^ .d~A.d~ <ua.jLi<U >j4S ii"i j£ 4~k (jjj&<L> jLajj 

rubber ) d ■" ■■■*>> ^< v *ijj -■ j(mctaliie spring) ^ljiLS tJ £4_j4j4_ii>j4j 
jkj<id j Lj jlj 4 * *<< "v < j <4< ■ ■. ..V <ujjdubt jdddj ■ d <. ..d < < Aj<i< < < (band 
>j a <-v <jd ... 4£4j4_IJ>j ^jl "*<4 t j£>jj 4_> (Shrinks) d4j<>j4 jj J Ij4j 
Jt-jj jl£dJj4_S jjdjj 4—1 jja. <>j4_jjj£>J jj4_J jjJjbL^ (_£4_1 j dLÛjl£ 

.d4jdj4jj J 4<4< <~. ,<M < ^Jjjj jiût£>J 
<Sj4_Jj4j4J <4 11*> I J_il£>Jj<t£ jlj‘~<4 I ^Jj£j_£ (JJj_j I j£j_Lûj jl£<lj 

j ' 1J ■ : ~-»j4j (J4__^4j . jjj Ij\ <_u<L><L> >j4 < * ■ ^yj LS Lua. <J J <>Jj<t_£ 

Ij.j4jjÎ>j<> j j»<U) (reversibly extended) j <hS > 4jl_u<L>l j4ujj djjjjjLS 
jlj4_J (tie) {gj—Ê <t£ij_Jb. OjljöJjJj jj4_J4j .( j_^.dJ jrvSljlj4_d 

4_j UJ : S j4-J . Aj4 Vt . ..4 * A, > Aj4 < ■ < j Id>j_Jj J > Jj'd<ld j<LS> I J^jjdUJjl£ 

jj£Lu (entangled) jj2Jli>j_£jj 4__j|j j<l2 j4_j<lS j■>»,û ■■■jjj ■•! v >~i< 
<ua. jLj ^yjLSLa.L j. <ULdjjj j_S*j i(inlerwoven) jjjj_a.>J >j<i_£jj 
> j<t_£ij djjjjjL ^yjLSLau djJ >Jj<d> (£4iL>j jÊ j4j .djlj£ (_^4j4^jJ 
jJjr<j4_£ d *" ■ <uV ^4-J dj_Lujl£ (^jrua. 4j4_jj4j4j jrvj (uL£ j< ><u4><>J 
çû UUjLoJ I '4 <4 <j~,4 <4 I <»l ...S l.l < jt l<4 I . >j<t__Ljj>J Ij_jjjj4j4j 

( ‘*-LaJ4 ■••■ >j<L >j4~».'j< .al~4 . ^jljj>J) 

j > < <iS j 4jlj4 ->■ ■ i L jjlj_j>J j-1 > ~4 jj_> d>j <j4 n 1 1jj jjj jj 
Vd<L_> >j4_j4jlj o_Ljj>j^ (tensileforce) <)£>ji -■< >j__>_4> ■*< v *~i< l_j|j 

<j-id dj_ÛJjl£ ^yj l£> Jj 4_£ J_£>J jrçLj—J4—j Jj__J ^l^Jj^U^ 

jj|jj>J Li<L> 4_iljj4£ j4j .4 JIIuUj£ jL (jjjJJ jjj j£>j jL<d<LJJJ 
4" ■ ..jl '4< Jj<t ,,.L jL>j4_j . j .< .... I — 1 I j£<Uj4_uu<L> jts 4_> (J>jjj^4_> 
j L>j 4—ajJjj jja4__A j_4 j j>jj<L_^ jjj j l£>j4__a..Ujj (ji^4_jj Jj4Ê 
(jJj<LS (j4 ~>j9 4 ~i m lj (jjjjJ <l£ Ijjt»j4j (_^ajj4_uo L»jj4_ft • jjljJJJ 
4_iljJ j4-j jLLIj jju. .4d>jI j dijS lj >Jj<(_£ (jjjjJ4_l >jL<d j<LajJjj 
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jj I".. 'j<~..■ jjj jL_aj4j ^< ."■■■M ■ ^jjiljL < jt ■ Jja >jjju<U 
4_>>jryjjj j4-j * a>i *‘* jd j ‘J< ■J ^£_>jji<Li <djljj j4~ii <|4 >> >j<d.jj jlj 
I i < .. Kd 1 <1 ■ V■»< i j 4 _S>jJJ ^< >j<r ■ ■■ (^j LSti4_j .jtj (£JJj j4 i<u >J<Oj 

< O.J>J>Jj4_> 4_d>jJJ jjj4 ■ ■ ■ JJ. 1 j<1 ><1 < . (j__uj£ Oj_> 4 £>j4 ■ ■. 

<<<."■..V ^< v .r..'j /» jlj>j4_i . jL>jû. (^jIj>j<Ljji (jjjj_jû >j4_jj,j4d>J 

>j4 Sij lj.S ÛLuiV<lI djjîûijlS Lr it£Lu. djJ >Jj<l£ (j>j<L .(rubber) 

(bridges) 4 ilJ jj j<l_ j .>j jÊj—Ê (jjl^4 Ljj<lS j_> jû ui4j>j 

dj i7>">jlS ^yjjjS j<lL_> LjIj (Vulcanization) ‘«y»4 <La <_£>jL<d 
(^4_JL<U Ij<j < (J4 <<> I 4<4<j ."<jl< ■*! * *K (jdûjj4_j jj>Jj ■ <ujj.i 

d> L£>J 4d>jlj iViiSlj >Jjj<U IJ 4 . . £j L>J djJjL I Jjj<L> (^aj<t£ 

>jLj j4 i ii >j4 « *j4 < « ■"* * «<a i .Ij ^*j «4 j4_j (^_>Jji<i (^ljJ4 ^ 

(Kinetic energy) jl_»>jj <td jj^. jL>jj4_S V^jjî. (J<lS<u_>L>j<u_u 
(C rOSSlinks) jlS<LjtlJL djj I >< «~--*>t4 I . jlj<Ujj^.<U 4.7. >a<L> <U<L4> 
jCS<L_» (J>jJ J*Î 4 l U_aj4—S (Jj4_£jjI£<U jl£>jJ<L_S >Jj4_S jJ<L_>li 

d-U <uii<L> (thermal motion) <<Uijjş. <lj>j<lS >jj<u>. j<la <.>j4_jjJjau 

(jjjjujjjj (jj-4> <Lujj>J j>j<LjIÛ.>JjjjJ dLjj jl£>Jj4_S (jjtdLu. 
4_><UJJO> <Uj«4j<LS<L> j 4—j (_y « ■ iijj.I J (^U-JJI Ij<U j ld>j_)j J >Jj4 < 

. (jjL> j 4_ou (JjL)j4_ji >j4_jjjjj<L^>J 4_S>jjj (thermal motion) 

Jjj (^y r«j4 < ^<4 >4_L<U jt_IJ)L jlj ■"■ «<IJ d «< « « ■ .. V 4 <Vj I » j4 <<> \ 
jjLa. j4j ^< - --4 « ^yjtS^JJ<L_S Ij4_j t(freeze) Ouji ...4 I I I J_ajj 

>j4_JJj<tdL 4 <ajIj ... «< Ij 4 < <" . ..V j j<t_£>JJjj j L<L_S>jj 4_ Ijju. 

j<UjL j 4 <4 ~» (a a4_J ((_^4 <ajIj ... <<4\Ij) I > L>j 4 i n >jLj 4 i n 

I—jIj (Shrinks) d<t— j>j4ûjJ Ij 4—j o— jjÛj ^>j 4—£ jjjj (jUj^—£ 

■ (^4^4 > > L>j4 i ii >jLj<Uu >j4juj 4£>J 
(^j<L_j<L£ >jlj_j|j . <L_j<t_> (j—<J«j£lj_ajj<tj_<i (_Jj-J (j£jj-jjij>j djj_jji <1 

>j<tu «■ “Ij41 ^jIj _>>j . jjbjj>£>j jjj_£>j (»j<l£ <l£ jt£4JLli j (^j Lji L 
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j>jljû>J I_.aLi> ~'j 'L jj L_i.jtU <* ’■ ■ Ç ■ dj4_j l~ 

djru^j jIJLuj4j ^4U4j 4J ^jl£dJj4^ 

jLj jjJ jj j_j|jdJ jA4 i 11 <>^j . j<i^£j laa<jjJ (chain) 

dj Jj4-^ j4..^4j ^j 4-^ .fljrv ~ytj 4 -j4^jj jj>u^uu4jj ^j4> t 4-ft)4 j ^ »*« 
<>Jj4-_^ Ij4■ \ c ^... ii t > > Ij ^4__fij4j (jljlj4— A Cj4.ii >Ia4j j jl J4 .,.j <>4J 

I^jJJjJdJ 4 j 6>jJyuu ^4 j 4^d jIjojuJ^Ij 


r\_/ 





__ r _, 


30-= 

—ii— 





IjLj ^^Jj^juJjj (^LjIjj ^dJ 4_£ ^j4_^dJjdJ cdjj^-o4-j 

jjL»j ^LuIj (extensibility) ^LO^ ^GIjj 4J jLa. jljlj4-A 

•ûrf 

internal combustion ) Ojj-uu >jlj (_£<ijj£<La<u sjju ^CklI d<u»jljLû 

^<lûIjjU j<<_j ^_iI_■ * ■< (_£>jj A ^~‘j ~~ tO ij£aJ JjjjIj<l_i (engine 

<t_S -dljjua. ^jt£>j<t .djj j<Ujja. j_j CtJjj^aJ < jlj_Sljj^<(J 

jj^jj-S jjj “djlj J(jjJ. Jtjuill^ JlSJJ 4 ^ jCiljJ^uîijjjt^ J jrujjJ 

Ljjua. LT* 4 -^ 12 o ‘"j' 1 jL _ftj< «t U J<(_* <l£jj_a. jdJÖJ-jjj j_J (jLuiJjjj 

*<■ j .jjdjt—j j a jj A (fuel) ^jj<L8<Ujj *'* j t ^<* * Ij j * A j *j t j <* <<i a 
< t njj<tjj<Ll<tJ j<LA <t_i Cx(H 2 0)y jt kaKa t j j <tdj ■ 4 _jLiIj JJJbjljl£ 

<1-£ jj__£jJ^ (j^JJJ-j. «t—jjjudjj .Cllj J Jtf ijjjt^ jj-IdJ jt JJj 

‘ J >^t-d 1 2 0 6 4_idjjşui<Lj djlj-uilj jlÊjj-Ê jjj Ly £jj| J j_iAjjjt£ 

<t_idJjLa ^<t_j < l £ CiLi.ajjdJ dj<t_j jj.S jJl^ j j<t_^ ^~l (j< > < •Q(H 2 0) 6 
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Jjj*!—I (JKIJJISdj—JjJ jdjj<t_s Oj<t fljl jj L?Jj<t—^ (J*J<t—jj<U<Ll ?jj_JJdJ 
jjjjjLLui . jjjjlAdJjl£<t_J j^j<LLuiljlj (_ 5 <t-^Jj t(jjjjjjlj IjÛjjJjjj 
(^<lJj (^jjjjJtjj t^jljJJ <d<UdJjU (Jlluujli (jjljJJ jj 

<t_£>jljr^ Jdj<t_jjjlj Ujljd Ci-uûa. (jJJ± djjj • (_yJ<U 4 ^djljr^ (jj^J^ 
IJjl—1 jLa<Uj& jjj<t_J dt—1 jj Lxt_J >jlj<t_s jLa<t_& .Q il j£>jlj <t < o j<d> 

Ijjj<t-1 (^J^ ^<U<tJu<tJ (jljjjj.) <ti<Ujja. (^djljr^ (jjjJJJ <<ÛjJj1j 
( j*jlj^d ■ ■ ‘<t < (_^<t_L» . <t-£jj j La <t_Jj<t_i .<t_S<LSU dj LkU j£dj CijJ j£>J 

(jlu j4j <■-< ij_LaJ<LuiJ .>j<tj jrûlJJJJ .<t£<t£L t>jlj (jJk<Ll t>jûajj <t^<t 11 jû. 
j jjîj^ ^<(JLj jljfj ^jljUa. .(lj<La.5tj) lj>jIji<U<Ll <(JLi jjJ (_,jtj|j<tJ 
J A J*J~ ** “ l * j<< •■■ <û t£aJ <t'<laj-a j <jl-L (_^j<* J 1 jj jt»l<< <Ajljf«< ‘<~ ■■■<!< 

(_jjL£>Jj<L£ (_j<lLujjIj 

jl£>jj 4 __£ (shape) (_gt> jj »" i (jj j jj t>J jl£i>Jj<t—£ (_gt> jj »" i j j j 
j£>jt —j CijjSjj ijLiJ <t_d*jlj%£ ^ a.j *i (^.jlj_ju (_gjft<t i |jjjljr^<t_J 

jdjryaûj <(_1 jj (_5i>j<t-j jj jj j imj^ oJ lj jjLjj lj<t_j jjjjjjjJ jt£>Jj<(_^ 

(flowing) ( j'n i Q jj j<t_jjilj<tj ^j^j<t_i jjLjj j jjUljdj_ijj juLuilj 
^<t_j (jjj ■ I ^<<t “t‘“j (jjjlj_jt>J jojajjt ■•■<'< jt—j (_yjt£jjj<t_S 

.~< *j ■ *M... < < >j>jlj^<tJ <ûuu, jJ<LA 
jlj^u jjLjjjtj<U Ojjjl Q<\\ djj^u ( 5 <t_Sjj<tJ <(J<t^ jlujjj jdu (j-aJ 
* jlj _2 ^<t__i<LSjJ <t_a. jLj .1 jj*j (conial flask) Ijju£<l_^ j 3 l _ J _i<t__i.i>j 
<t_£<t£jJ <tûjj Cil jj>j I j<t£<u<t£<t i..jS <t <~<i-<. a j jlj<t__i ‘~“» -<a.nj<t ■ 

|J<LÛJJ^<t3lJ (»<t_j ^J Lj j^<t l . ClJJ-^JJ jl-Sjlj ‘*l JJ (_jj_Jjj (_yJI tUUJ<Ll 

■ jJ_WJ* J (Ijjjalj jlj<Ua.) IjjLjj ( jlj i . i 'i lj (_JjIjj<lJ d<U<tijjuU 
—: cujj>J j>j >j>jljj. (_g<u>j i i7i (»<u d iluiV (_£j-<u. _j<t ’< ■ -< ~< < 




























j J_ijJLS (j^4-jOJ Ijd j “Jj J (J_.d ^Jll H^jj Jj Lfc ^^4 * jj" ■"• ' ' 

^<d .d~ .jL j '..taJ .«lSLj I.'j<ajj~ .~, ■’. j<l.uj<u uj jJ j ■—ij.J j (j A j * ■"■ d * 

(J 4 ld /.j< ^ . ,,<j‘.d . J<J ■■■/. | j_i i*t 4 ^ J 'A '~ jjJ jrç ■ "■ 

■ Jj4jij. jLaji4jJJ 'djjjSjlS ^yJLjj *‘^Jj X * tjb 
,cLj<LÛ jj *j<<J ■ 1 .7)4 t jjj ^j4_i Jjjj Ijj '~‘JJ' J,gi 1 jjUjiS 

^yjl— ojLj ^jJj^-S . jrUjO-J jj-Sji^ jgjlj-uuQ (j^4_j4jj^ijOj 4_lLl 
jjJ 4_I (Succharose jjj 4iSj_uu) (Cane sugar) <jitjjsl_s jj£alu5> 

|j ^^jOjluii^j öJj 4 -S jjJ j4j . jjidojj jjjSji^ .OJJ^jj 4 ^.jb 

j- iljjQ «(- SojjSji^ (_JJ --ll$Jji4j JA -J<Uj£«U jjj - J j__ Jj 

(jijj4_J ■-■ ■ ■ Ujij Oj 4—I (^jlj-JöJ) öj4-J t£j (J JJJ-O J1 ■ -<jj-« 1 1 A 

• ( J_iLgjji4j (^4_l4i4js j^ J)4_^4i (JII o (_gjj mSjjJjlA (^d. jJj 1^4—1 

4—j Klljl£ j4_l (^j Ljjj Lj4j (J 1 jjiSjjJjLa (_g4 |4 o j£ 4 d j4j I j4-^jj4j 
4dpj^4 i.i Ij4-J _jj *■ * lj ^ ■ ' d ' .7ijJ (J4_^4i j<^ ■"■«!< . Jj4 J tj i ii LlOJ 

-(jJ—UOjS JjJ—£tji^) (_yJ U4-dOj4 ■ •• A j^ “ “ J—J jy iIiOjOi ' 14 A 

jjjj (^jjj^j-S ^^jiijj^i ajjjjj jj4j. jjj-Sji^ (_j»jij\^ jJ-jjjj 
J^-Lj JjJ l£»jI™o jj «I-S*jljr^ jOj4-iJj£j3G (^4jjjjj jli Öj4ij 

d lljj (JJjlJrdd i d £■>jlIjrd (J*j4_j j \jJ .4 'i tljdLi d4 Ijj. j ■ ■■ 

|J4$0jji i7i i^jLA OjI jrdd I jj_£ji£ (jjjlj-JOJ 4Ci lj£oJ (jii i < >jl_a 

. Oj4jjj_u Qj 

jjJ 4J (JddoJj4^ j(0Jj4^ jjJ) OJjIj4^4jji 4jIjjJ (jiujlS (£j£4uii 
(JOjrJijj ^jljJOJ jjdji^ .OjjII^jj CiljJjAjjjl^ jjjIjtSLuu (J<d4j 
(^14-ijj-a. j4_ui 4-Il£oJ 4-jLaIo (jIi4_o4j '■"'!< *~ ■ ■■jjJ j_>jJ (_gj4_ajJjj 
Jjj.L j (Starcll) J~ ■■■l.i. >*» I J_jIUi4j 4_l4^ . jl£4-£4j ^JIjj_u4j Oj4_£jj 
jlj 4 -Ijj^oj (iodine tincture) Jjj (j4jjj djll£ . jjojl_ujj j jjl il m 

(jj4-SoJjOJ jrJJi ^ < >< >Aj (4".1..■ (^jjj4_A jtj) 4 .... 1 ■ V. (JOjljd 
j4_jIj (jiijj jtj (JjdjJ (J^4_l4jjjj jddj cd4l_uulÖjj (Jjj4_^ cdjj^. 
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J (J _l_d jjJJ Ll& 4 j4 /.j< 0J_JJ ^<‘lj(]<l4 ‘4 ‘ ^j'lj_ÖOJ Ol_£j La 

. (jjjjl J jjl Jjj (jCHO (^£4j4i4jj£4£ d 1J iLflJ jJ4j 
^< *o4 Jjl J ^< *< >4 ■ ■■jLb 4_ldd 4_i4j& Oj * •“■ j ■ “4 * jj-SjJLS (Jjj4_^ 

■ 4j»jIj£ (_y^4jOjjajj j (^j^U^j (£OjÛu ii jjJ lllj jlj (jjJ^ij^) 

(»4-J IjjjSjl^4-1 (£j jI$jU4j J(^Jlj -udjjJjU -l4oj£ 

: 0j4jjj_ulioJ ojojljj. jA iOj 4*».'j< ‘Sl~ 
u£jjJjU4i 4 IjJJ j ■ ■■ Jjj.1_i jjJ 


jl_j Oj4—Sj (»jjjj—JU (Jjj 


Laj 1 J j jj Ijjj (jjjSji^ (j Jjlj^JjlidJ (^4 j4j jjJ Jj4j&. 4£ dûj.1 Jj4j 

jSojLj 4-dojljd jI_i •'j^ < i (j,, n (jIljj^j_S (jOjljud *—lj_) J t_ij-Jj 

. (jj4 <A '“ . “A, ' LJ-ol JOJj4j (jiji J^4 ‘ **J S 
j»j4^ dûjSOJ jlj (jAjAÊ (ySjjtî jtidj 4*s4 l l I Ojl j^Ê (jAl Jj4j djj 
j»4_J .Çi i 'OJ -• ■■■jjJ *J4 j jjl .7. i~i jCi uOJ Jjdj 4 _£o jljrd Ci ij^QJ 


-) (^jiijl (£4_l4oj£ jj 4_i4^0jjS jJl^ (J J—iLjjj ji4j (jjjjt udjj 4 _£.jJ jd 
4-jOjlj^.jJ (II) (^ .1.0 J JJjjdjjJJ U 4<Aj4< ' . .,djj OJjLs .(COOH 
.Ci l |7.~|0J JjOj jj- ■ “ >*■ (J A J ‘ -"4 ‘4< Cu 2 0 (I) (ju-a (j Jjjjd jj jj 
(^jjjJj Jj4_a.4i jjj (J-Iljijj (j-oO-^ <j-£ûjŞ ‘Ujj (^4jOj4jjj^j3ll4i 

(j . . ■■■<jj > ‘I* ^*jlj- g * -v*. jOj 4_jjjjj Ij_£jjLIJj4j j l_j jj l-j 

■*j4_IjjIj Oj j l'i i .ijjJ (JOj jj i7ij~) j4_j jSojLj 4_Sj <j_3 j-ojUjoLj 
jlj4j 4_£ojlj\^<d .4 _£ojIj^ jl_i Oj4_Sj jj-^jl^ j-O'Cd (j-^JjJ jUiilj 
jCi-jJ Ij j4_uu4j (J0j4_jjj£.ûj 4_Sojjj .Cl-Jj^OJ j»j4_^ lj_ijlj (JJLsj 4_2 
JjJ -4 (jjjlJ JOJ . CU—CujOJ (jIlOJ (j^4j jjI l~. (gO jj -"4 . 


j Çuj j j |j tjlj4_l J_iLfljji4j JA |4 4 j£ ja j4jj-j-ulj j_i 4_lOj4ijj£j3US 

4^4 I I udjjJjU (J4 14 />j< jg j4*.. ■■■!*» j_J A j4 'j< >SI~ II uujj 

jLj 4.j4 -V > (JJJ_ a (jiljj^j—^ (JOjIjj-^ < V “j ]j '*>4 ^ .OJ_ loUI4j 

(JOjlIjrv_S I — ■ >‘‘ d4 '4 jjCi 4 -- jL j4 JjUI _1 diuijj4__l 

j4 *> * 1 J4^4 ino (jIljjSj_^ (JOjlj.-S j4 . u4j ^jjjj iii (JJj_udjjJjU 
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j 2d_> Q ^jjjSjiS (_£ jj&<t_i d<L-l<LlLa. 

^jjjjSjLS <L£jj_a. j<t_£Lijl£ jjdji^ dLjJjdjj ^O^jIÖkL) jl£<LiLi. 
j < td * j<l^<l> . Ijjljj iVi> ^jLS<U d«>j *>j_>L>j Ijtu>jjj ^ >7i ii jy_> 1 £ <lI *>j j 
<CLlujjjj (_Jt>j<Lj j_> jjLjj IJjIj^JjLjJ jyjLjL-utxLl Ij-jjja4i jj-Sjl^ 
l^jjjJ jj<L^J. j-> dj<Lljjjlj^dJ djOjj^i. (jJjOJ <Ljt>jLj ajjSjlÊ lj<L 

(_£ Jjlj<><<<< ... J jj<Lj jr^-j < ' iL£ (_£<>jl >7i<L) jûjJ |jj<Luu<L> ^jjj<Lai<L> 

. jJt>J ujJ<4 <4 tuu L <L>t> j!j$4j j 

j_> (excess) 4_£aJbj >jj_£jl^ jj<>J<(_S ^yjljdJ jj>du jj-a. ^^<l_j 
< ‘*‘j *jjA j<Lj <J<lI jû<i_a<L> ^J-Sj OJdja-ÖL JjjjL ^jljjjftjL£<(_> 
<i l<(j (insulin) jdj ■ ■.’■ -‘< Ojjjj»J jjj<lS jjjSoj IjjjjS (hormone) 

t>jLjj (_Jt>jj<L> j 1 ‘~. ■■ <J < < jlStjlj. jdj<L> . (jjj_utS>*Ju><LtS>JaJ I Juj Ljjj<L> 
J jj&tLj jliajjjjjd j<Lj . j jjji£ JJ o 11 ~||>j>ji<LA jşa.jj.j jLj Ij<L> Q l) 

. j L£<jlj. jj >Jjjjjjljj>j> j<laj jj. 

j<Lj )'Q > J j<Luu»<L> >. >J<t_j lj. jL_j 4~‘ ‘ -<.A,'d< jj_s,jii> (_J Jjtj i 

j>j>jjjj d j f Ljjî '*«» a.4> j jjjJLi OujJ IJjjjjiS j<Luu<L> (_^<LjljljjJ 

J<t_j JJ_S'L_t> -j uûi ‘‘ ‘~‘ d < <|J>jL jjjj J' 1 I . jl_>LjIj j J<L_J 

>j>j<l£j£ >jj ^tLulj l _yS.JULjjj<(_j IJ>j_J Oj<Lj>jI j£jJ jlj<LjLc.Ujj 

(Adenosine tri phosphate) (ATP) <'"“ uujjjJ<j ^jU .nja <GLj—u»<lS 

■ O 1£>Jj jl Jjj><L> 

'J ^liuuujj (_jj<L-><LJ4.J j^ (_^>j<Lj (jljJ J>jjjlj ^j<L_><LijjL> ATP 

(ADP) jr ■ ■■j*<‘.' jL ^~la ■■■ja <1 _jljjJ j__> O_JjjS>J >j<l_j. >J 

<LÛlj.<LS ojj<l_>>Jj>j >jjj Ij> jlJj-S j»<U j(Adenosine Di phosphate) 

jtL j<LJ <L^>j jjjij JJj<lS - IJ-LJ Lj>j<L-UU jL Ij jj<U ■ (_yj<( 1*1» (_yj 1 " ‘ J‘ i 

^^jj-ijj4-j jûlj>j d-jijlj (glucosidase) jj> jjL- uujSji^ ^^ujjtLj 
jjj d.jjljjj >j-_jjj jLuûL> .(ADP) jj 0->jjj >j jlûIj>j >jj (ATP) 

■jSjjjj ^d<L>4_a.jL> j_> jj>jj<ti <ij>jj£jij jJj<lÊ IjJUj-US Ol j>j 
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(insertion conpound) jljj^Lj (j<LjjjL> jojj—»J Jj—> ^jil^Jja—^ 


jl_j >j<(_S j (ajjljjXl—J (JJJ—uu^jjJjlA (_£>jl J^4—I Jl—jj ^j—SjjJ 
l-ajjj (jjlj-JJ (J—«xa (_jilJj^j_^ (J>jlj^<U j»<l_£ ^y^jjJ^ djj.ljj<Lj 
^<\<j IjL- '*<j -< (j>jLa<ti :<lS>jI jÊ jli >j<lSj >jljj jS<L)<lSjJ <La, jL> 

jSjjjJÊjjJ > Ll u tuujj (j>jlj%. j j<t__£<tj . >J<L_JJjj>J j <j t Ij—a<t£ 

j jljlj «‘» Jj (j^JjLa- «t£<La.ljj<U (J^jjöjtj jli <(jj<t^jjjjj 
(UJ<L^ jlijj (^tLiJjljr^ Jj<L^<ti jjl uLuuu j<LÛj> LLujj djjl£ . >j<Li-j>J LjJu 

dljj_ j. .>jj^- ■«» ■ . jj-ÊjlÊ (J Jj4 2 j_> Q i i7i>j>ji<LA Ij<L_j jjj_£>J 

J(>i>-" dj (<Ljj<La<Gjuuu) <t_Sljjj. j<t_J jj-a. jaS<t_J ‘t-J»jj (_J>J La.j<Luu 
■'(j-£^>Jj>J (ji^ljJjj (^<U<Li>jj J<ti Jjjuu jjj. 
L?'-> (J<LjIj<(j j j^jS (_5^jjJ (jiL><t-> ^yjLj j_> j-blJ (jlj 

j /.20 <L_JG<L> <<t_j|jjj (_g<Lj uutöjj (J 7.50 jLj . 4_><LS ■**< *<(*< j jjjUuûû 

oûljj u!>j>jL£<ti dl_ûû<L> lj<t_jjU<L> (_j>L_j j<t__l <t_j|J<td /.80 (jjuLajj ■ 

(j jJ>4_j i~‘1<a '. .1 uu>J >j<t_a>J jL<U dljjd. ■ ■■ j<L> >jj-jjd j>j 

j<Li__uuLuûjj '(jL£<t—ajjj<tj) jl<4 ■ ■ -il '*td‘t >j>j_jL> (jljl.d (Jj<t—^jjl£ 

j»<t_i j IS<Ljj jj<L> jjdjid ^JIdvLdoj JJ jj .-.AjA 'ta a J<4 ~. jjjl >1 I II) 

jIj<Lj lj^<LxtdjJi. jj<t_a.4j Luxt-j j j<l_£>J Jjljjd. <L> ldû>ji<L£> ^ < ■ t j I < 
jjj I JjjLluIj (_Jjl_> jjj<td 4 <■! ,j ld (»<t_j (J>j4_j j_> Ijd.jjl^4i (Q V ‘»J 
<_,£4_>>j\ajj j4_* -0_Jj>i Ij-iijJ J|4_^<ti (Jjjj ^jÊjLiJjS ?j<*-Ê cöl Jj 

jj—SjJd (JJj<t__S jlja a jlji4 ta j > jjjjjj uuJj^l_> 4 j _uuLuûjj 

(jdjLj (Jj4 < >j d jjj<ti j t< > ' >lj4 < J<Luu jjJ _ji Lûû>j 14 rf> 1 0-uûû>j>ji<L3> 

jjjO—l jj-ÊjlÊ jLuuûb ojj- j G jÊ |j>j<t_^<ti (gastric juice) > j<l.Ê 

^jjuKti jjj4j*> jj >j<t_jjja. fjjA<U Ljujjj jOÛjju»J >j<tijajj (_JjIjjJ 

,>j4jjjjlj^>J j>j>jjjj 
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jj j-w. i < jj&J J<Û<L) J-iJd^ijilS .IIJJ ^< ‘IIjis Q 4 ju j U> 

U i<L -f L C? m^ jj j4_^4j *j*j—> (_y£4_>}Î4.1 .jLj J J^JjLS (^ JJ ! . ! < JjljJ 
j—ijjjj j_t(redued) jj 4 j tj<A.t J diaj ttilj jjjLt jHjj-j I j<l j Ct lS4_i 
4_^4jd j4jj4j4J j 4_* (CH 3 CH (OH) COOH) (lactic acid) d ■"<*>> 
4—1 d. jlS ^Î j ' < » jJ (^yJ—uiU jjjJ—i (jdjjl—jjAlj (£ljJ >j.j4 l I l llj 

I ' jljjJtlj jJ d<L_) 4djj -*■ Oj<L-jjjaJjjdj IjjIj4 ‘~ijji>J w d <ljj ...I* 
.CtLdlj 4_SajjSjiSjja4J& ^jiL-utSjj -~4 ■ j4—»4£ 4<d . .,<j‘> 

Jjj ^4_ta.jjj4j a ~i M I J JJJ IjJtljjAlj jlj4_jiidjjdj jt-ajSjj 

. 4j4jÊ 

jd jddj) (microorganisims) ^jilSa jojojjjj 4_LuJjjj <.lj_jjlljS4J 
(JjIj4J j£ajj<ut> i fljaj .. iljjjjL ^jJûjjjj jjjÊtJJ jj-Sji^ (jd 4~ij,.7 i 

j__j .*** ■ .7./\j.v ■ ]4 a dL_LJjjjljjjjL ■"j * jl <ItL . I Jj I J4 utlt4A 

tjj_ut4j .(acctaldehydc) jjL^jjJLj_u>4j jjjJjl_£ <jjj _udjjljj 

(ethanol jj4 **■->.jjj_iL$_>j Jj jl j-lj ^jJjjjUj J|4_S4J 4_S.»jjL.$j jJ 

jCtld*>j_S.jJjld Ct4_ ljL j4__S.jJ (a$ d4_jljtSj dchydrogenasc) 

.(30 (_g4ijj) jûj J o4Aj4j (Jj*j4j JjQ^l |4j 

.4 n t‘t j-CjûJ jj jrydjjj j*j4 < ~.. .1. ' ^jjjLI_L4j jl£4jl jJJJh jjj d 

jjLuj (_£jJj<>J-ijj j-t (fuel ^yj^j^jjj-ui JjL.Lt) dljjji. (Jjjjş- (löjjJ 

JjJ_lL 4jL ui J(^alj_l4j 4_ uijJ j)j4 * ...4'* j 1<4 *jj4 -y .4 *j)jj4 

Ij ut4j (^jt^4jLui 4 t4**l * *jj4 **- j4_j ■ jUjj ■ » ; K j<jç< '4 '■ (j * * ■ ■■< 
j4_^4j .(glycogen) 4 '* *-«. j< *m< ^dj4_i jd»j jL4^4 1 »L j*j4Ûjajj£ 

j V * lîiajajj4* Ij4_J Ct-Jjdj ju jl l*s 1 1jd lj_jl£ 4~iVi jlL4jJj4_j. 

4_jI 1 wtl jj4j 4_ûijJ ^jjjû j4_J . jd4 1 ml jj4j 4jIijJ ^jjjû j jjjm tKjJ 
dla.IJ j4_j jLdj4dj dllj4^J4j 4J djjjj . Cjjj J jJj 1£4j jjjLut jLjj 

dijjj jLiiL ijjljjj (vegetabLe oil) (^.Sdjjj (j-ijj djjjJj jj4^«d 

. 4_S<lL I Jj4j (jj24_d_tj jLa j4 <■ - j * 'j ^J * udjjj ‘I* ^djljrud 
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(j <_gJJJ—UJ *>j4 i la. ja *Vj1j< j ‘* > j 0 4-ûj4 j \ I I * ^dljUj^ ? 4^ 

jj-SjJ^ (J4_jLI jjS j4j (jjtLaj4j4j (^aûdjL ^4 j41jjL .(jj&OJjOj 
? 4j .CH 3 COCOOH (pyruvic acid) 4 S_j jjjL ^^-ûijj^S Cjjjöjjjjj jjJ 
(jjlj_*ii4j 4_*iijj j»4j . jiJdjjj (pyroracemic) ^iiiS u iniljjjL 4tiijj 
4 S*)'*.— . ..<j‘*) j--. . -<j‘* j|4_^4j djjts *CtddJ (jjj < v *<**IjI< Jj4a. 

— d-Jljdjj j(citric) db juuj : ^yi Id4_*lijj jj cj->jj£t>J j Ct dojd-jJj 
lj__ijUj£4i j j(malic) d_tJLa j(oxalic- succinic) dj*j_t_ud4_m 

dj4_jjji. (^jA4_J<d jl —J j jjjjL_S (JJJ —udjiljJ j—t Ct—Jjj^dJ 
^jj jj < ... <jj ^Jjl 'j < ^j-a*Laj4__j .&j&j&J & j4_jjjjljSjJ A j<* £4tla 41 
(jjr—SdJjdj I ' ~*~j <j A J 4_ui L4_A4j4d Jj4jj.a__udjj (^jA4_t jj_SjiS 
jOJJ-^jj ((j-Jdj^ajj) j»ljdJj4_j ,_gl jaj*t (jSjijL-S jjJ jCt—U 1 JJ 4 J 
j4_4 jj . 4j4Jt juji4j (dozen) j*jj*j JJJ (jj Jjd-ljl J_ûi4j4j ". ■. *J * * 

ADP 4 —I 4 S) (_g(ATP) (£Jj 4_S 38 4__ila. t jjjUjIS4__j ^yS-ljj—SjlS 
(efficicncy) ■ ■*'*<jj jjtkLt ^^ÎLa. .ct_ij4d*jluidj (c*jj*j1uijjJ 

.7.45 4iU. 

j_j O.JJd4_t **l il litjja4_5t (jiu * V Ct—ij£öJj L (jjS4_J 4_idjjj j4_j 
< Y » tjLd jljj4 a. 4dij-a. (jii4_l (jjLuiL ^jjjC-Ê (^4_Jj (_gajj~.7 ,?. v *a 
4d dLd tljlS jjj<Ut> . jdjL jjj Ijajj (jaj4d (_g4jLt 4 J 4ila.jlj (_gjtja-d 

4-J jûi4_J«jjj (t4_ j *4_l4Aajjj 4_1 -j m i jj.j ClljaJjJj IJ4__jLl. jL4_J 

(j_jjljjj *4_jjjajjj .***-> jJ<a *7 ■■■a.i ADP j_i ATP jjjljj-S »IV*J “* 
I J-alaj4j4j jCilSdjJÎ4j ATP (_gJj4_S (myosin)4jj_uijjla 4S4SJjj_uila 
.(contracts) d4_j öj4_1jj 4 S 4 SJj_u>La jO-jjöJ CtjjS adaJujjjj (_gj jaS 
dljja.jLl ^IIjjLa jjjtd (_gjl j ajS (_gajjj4S 4j4ajjjlS.xa j»4j (jii4a4j 
IJ4_ila.jL4l j*-y ...<j‘* j4_S4j . jlS^SJjj_uiLa (_g4_JIjja. j_> O— 1 jjSaJ 

4_S (dLtS jjjLi Jûjj) pyroracemic djaj . .iljjjjL jijll j4Û j-ijjj 
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d ^*‘ A j O-iOJaj < ‘L.&bj adjujdj ■"• * ‘ Ij_û ^ jflj jj 

.q Vi ioUi d<d /ij .. ,.l"j . ^yjLdûjdajcU 
^d—jdJjU J—&&J jj£ljj—± (Jj—j (jjûjd— ijflS V jt£d ij~i jjJ 
^JjJ O - i'JjJ _JJ LftöjjcL* .jjjjjAdJjl^4j jdjdjjjj (j^SicLI (JjcLjjljjj 
(^dufljjdJ ( ^j i MJ JfJ jdJdjjjj dûjlj .jJjjjAdJjt^cU jîujj (jjjjjjj 
. j.jjjJ-c-cjJJ jl^cLjjjjjj (jjl£d ‘i indj cUSijj IjcLj icLjcLA (JdjcU fljjLij 

jLfl j£-n . fljcujdL-^S L U<ujlj£ (^dûûdjdj culj ajcj jjjj jiicLscij 


j»2cLj a jj i jl jLjlScU jjjtjj_uu (_JjlJ j-jflj jlj jjjjÛ (JjlJ (jjjljjflJ 
jlj-J?> JcL-jjJcl^ ^jj jfi m jjJ j-u cLjlj jjjj_^j|j jcLu flj_j cLÛljjj 
jlac|_AcLl jLjjjcUÊ ^iî<Lu c jd—A jûjj_J jjj (j^dufljtuj ■ ( j'»J t l.U ^d-J 
(jcuJcLaj^ jjJ u ‘i i «< J (^jIijJ (jJ jd_£ . jjjjULu jLd 11 al jj<L cuûûjj 
a lj I i i ^ jjjt^ (JcL-JcLaj^ J«L-J«u jLujljLa. dLÛJ a ~i .T ijfljcû cLuljJJ 
ct_ijj-Lfldj (jd-Jduj^ t jcujcl* (j-jijj ■ -j A j d_£ (carboxylic group) 

• cUcLA (_jûiLÎ (_yJ-«Iljdjdû 

j__i jJ (_gflijrç ajj j l<c ■ ■ Ad 4 j" id_j jct-aj^ jjJ jd—J (_gjctd ■ 


I 


HiN- CH- COOH+ H- NH- CH- COOH 


J. 




h 2 n- ch- co- NH- CH- COOH+ h 2 o 
" I I 


•CjÛJ—SÛj (_,jjud._j ^^-jiijj j LflJd_J (_jjjjd__j (jrûjj__j <_£jjd_^ 
(_^öjjöjdj flJ I aa** ij c 'c K (_gj!iL jfljfljd£jLuu cld idS litfi __jd 

fljjjjd-û ...A l j Vfl < ■" jd_J tj UUJJ . d_jj j_J (JjLu (J j_L 


(Jd-ÛJ^L jd__j .fljjJL_jj jlj^Jd__S jLua.jjJ (gauze) 


jrvujuJd-j CiÛjj jflj—iûu cuiljjj ___ <j** «*cj_j > »jjj jd < t~i~ii n»j (filtrate) 
d^d CiLlijdi ii (_£<l£6jjjuIuu<lI (_^<Ljjujjj jd-u I jÛjj dJ (albumin) 
(^fljljrûd-l jrçJj—ujJL£ . (globulin) jrvJj—ujl£ CujJjflJuuj fljdûfljLa 
jrvujuJcLu (_^öjljrûd—l UcLudujJj jjd u. .fljcLuujjflJ IjjuLuuL ^jUjû. 
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d_jj ^jd_û Ij ^JCLÛ (Jj L_i (_^jujlujd-ûdj fl <fl-L.l v jdu jLÛ (jj^d-ûjj 
Ci mflj C*j jjL u (jfl jl jrj» jj l~ ■ cijj .Çi i iflj cldujju. djflj fldjjjjjfl jL 



j^j-O Ijd-fl uLÛfljljrv^ jt j d ~ij d ‘vi jjjj jûjjj2j2~~jjujj jdÛdu 


V(jûdjjj (jjjj tjjdûflJjflJ dûfljljrv^ (_jjjj jduudJ jl^djuljjdu djiijj 

duljjj (unsaturated acids) ^jtûdjjiL <uiijj (glyceride) (_g jjIj nul< 

fljdujj_IU Ljj (_j>L<t_^j<tujdu (jfljljrv_S (jjAd._i ‘«l cuLdjdû 

(Jdûdujl jjJ fljjdJ JcLÛdJ djcLflj-luu Ljj (_jSLd «î~ld n jdu . fljdjjjuuljflJ 

. jjjuL djdj Ldjjdujdu (j-^jdj Ol^fljûûJjlj djd-öjj (double bond) 

dLuujJj jjd a. j( Washing Soda) j- j IJj «-■ j flj j dLujjj 

(_jjjj clctudujJj jjda.d< dûûlJjdu jL fljdjj -j ....l~j . ^jiLdjjdujdu 
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4 • “j" (R) 4__><U<Laj£ ^4 J .CH 2 CH 2 CH 2 CH 2 NH j_Sdj 'j*<4 . 

.*j4jl£*jLta. JjJ jl<a » »'» ■ a4j 
j Ij4_J <^jjJjj_ 1 <t_ijjJJ jrujj_i j<L_^ *ajj ‘*l V >"1< 

LT d ? ‘J 1 JJ 1 J*— 1 JcSj dJ 4 _JijJ .(spiral cylinder) 4d<Li__a_ujLa <lJjJ<U 

jjU<t J <J *» »~jj ■ j adjj J *»l (]< v <« C>JjJjdJ IJJ d jjjj_jjjjjJ 

tj l î i jS ojlj j-J a *^jij~i jjJ ^Jj4_^ (jid<L_l<Laj£ d j'lj'î jjJ ^Jj4_^ 
a.J 1 1jjj j_jjlj4_j I j_jLaj4j<U . j4_doj£<L><UIjU jdöJj<L _Ê Ojj-y a4 < 
<Lj jjj (JjjJ j<Lj . I J_jj4j4j (J<Ld<J ■ O-JJöJ (JjjJ 4jj<U jjoj <d<Lujjjj 

j4 A . (plan) 4 < v »*»m. ^a>jjj^4__t j^J<t_> a < <*< ^<<t_j*j<usi ^^djj|_j 

ljj<Lji lLjj d j4j_uujjj (radicals) jLu^aj jt£4 *» *~jj j 4 <»»j4jj4j<lI 
J-J jit4 < s 4 *lj*i jjj lj4_J jjjJoJ <1. VijI jjj (_gjj4_^ ^d-i^öj 

j-Jdj Jjj-l j_4 (j-jjJJjJ (_gJj<L-^ (^4jdjJ_ji J4_J J_j (j-^jjjjjjj 
.4 II*) (_gjj a4 A dj4-j ^24_> . 4_j<t_ujjjj ___ «<< (] » • ■■ *»l (]< »< ' » »* 

(_j)l pS 11 I j4—j jjjt_jji<LldJ Ajd <■« jlj^J JJ—I (_y Sjj »~JJ * Jj4 ->-<<< 

,j<ddjluijjj (quaternary) jlja- 

1 (]< «« _yj Jjjjjt— 1 J . 4_)<LA (_g4 *‘1*»1(]< «* j<Lj jrJj—LSja 1 4> J Jj4_S 
Ij4_j jijjlJ_aLaj4j j_j j<Luijj 3 (_yljjl£ <lj*ij*i jjj ^Oj ja. J(j-a4 ojm 
û-^jb L?J4>4 JjJ>«4u jrûjj_> (jJLIjjuj^ ,j_>dJ 

(jdj4_jjj .j_jjjjdJ jrjjjJ (_gJj4_^ ^<Ld4j (_yjl 0*SJJ jUdj4_J ^ÛJ^J 
^jjJ jjj jO jj i7i4j dj_djjj 4_£aj<Ulj OJj<t< ..a. i Q u> jjJ ^"1(]< «« 

*«i (]< »* Ij4 —j jjJoj-J jjJ Oj£<l_i j_2*j ■<<■< a. j« 1jjj d «"l< .(spiral) 
Ij<lj jjdaj_j<Lj (]«■ ■■ ^< «"i u< »« )«*><< ->.<i< ouajj ...jjj «<1 (j»... 

I jj*i d ijjjj (^j!j4-J j *>J*ij*i jjj (j-lj Jj-a<Ld jjjjdjj (^djlj^ (_yjl o*>JJ 
j «<t 0 « • ■■ ^"1 (]< ■. ja j l .7i<L) <t_j tjj<LÎ jrûjjj IJ «". ..Ij<t 1 ,6 jIj£ JjLalj 
<1 "!(]<«« j4_j 4jj<t__=kj<LL . *j ljo_j |JJjjaj jjj4j j_) (^adjlJ-J^. Jjd. Lj 
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jj<Lj^. 1 ai «*» d4 )4 <jijjji 4-^.jL) j<L_u Jjd. I I djjklJJ<t_j jl_j Jj<t_ju 

w <‘»Aj *<t < « I Jj4_j<<L) (jj>-a ^lJjSjd j‘*l «*la" ^jjlj-d<U <*l i_ijJJ 

j j-] ... <jL <t 1 ..ij<t< j4__j (_y «<t <_u j4jaj <t j-uaj 4 Sajljrd 

jL_Sa(pcptide bond) j j*Îjj_> (^J—i4j (_jjjîi<l_) 4.S (_g4_jirij-y.j - jL)lj 

j j<t < a i< \ lj l< 4^4 juu-a (J<1__ £<U jjjljr~ i n<L) aj4-d_u I J4-d<Luj jjj 4.J 
*«~ 1 A Ij £<L)IjJ4j . jjjJ Sjj »4 J<t'«*j O jöj (_^.jjjJL_j 

OJjjjaj_jjj lj 'ijjjjj (^jjj4_^<U j 1^4 j*tja<Lj 4_u>jj (Sequence) 
jldlilj G uûj aji<i_a. j<la .(Primary Structure) fl<*j 

jjLiJ jîujLdajjJlj jjj 4_jjjjjj ajj4_^ (^jxLdo (jjLodjj jilj_jaJ 
■4j4jlj. jjjJ Jj<djj)jLa. jjj 4£ajlj j& f J4 j j<dj 

(_gajjl a jj4_Su (_gjl 1 J i’l jjjjjjjj _jj)<t j<L> "I (]< «« (_gdj<L_i j_> 

djj4 I t*“t j-j . <1 <<1 *.«" JJ « (_yj Jj‘j*i4 I j_) <t*i .... JJJ 04 “I" «1 «a «< 

j<t_j (_ji !(]*<«. jljiiL . jjlj_jj J.j<t_j j'v 1 a4 j < - ."j" '*«<< a. I l*)4 *i4S 

. jjjdaj (JjL J(_yjL_J li<L) 4ilj<U 

4 <<t jujj« (_gjj4 j4 j_j (map) d<L>4_ iViSrj jl_<iiL 

j»4_j . j4_£j ajLaL d_Lujjjj «*<4 -v. jjljûaj jLLIj llm-ii . "«<j. .. .<A.t 
^ j-JJjJ a *t*i 1 . 1 -L ojjj aJjj aJjj<L-> jiajlJj-d 
.O-uajj-uujjJ <dajljLi-ajj 4"l(j< < < j£ajlj q <<a. t aj<Lijj_a4j jJJjJ 
(jrtjjj—i (_gd jnuaij I<4 ■ «ii <t_|<Lajj<U jv*. jj J_> lA ^.jlj<t_L J j<td 

(ji d<L_LJ j<l^ j)4_S<U (hydrogen bond) ^ ijy.jjj— iLa (_gj_j<L> jil j-jöJ 
(_gaJ<LJ j4j<U ■ j4 S il. » jjJ (C=0) jt^4 IjmSj jjL^ (_g<Û<Laj£ ^ijy i.i S jj 
j|4_^<U J_i<L> NH (_jd4_j<Û<Laj£ J<L_*<U jrt^jjJ-jlA (_^4 _)<UjJ j4^ j<L_* 
(_glj_> jJ4j .d<tu*j%jjj -«4 “« ^yOjj jju ."«I<a t"...jjj CO (_g<U<Laj£ 

.(regular helix) dLÛj < < - ^‘j'jj 1 4-LaJ j>ajJjjJ jl^4_i.jj (_gajru^ij 
R <H 2 N CH(R)COOH 4_)djja_a<L) (_yjj-a4 j (_y -.j" ^*i i~i^ ^<j - -■ 
jjJl-i jjj jL) (£<l_l<Laj£ Jj^Lj J_Û4_a <(jr^jjJ_)lA Lî jL^.4j 
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jrû^<t_j L3Ijjj ^~.Kd <tûi (essential amino acids) 

<u_û £j<l» (glutamine) j^oûjJÛ j(asparagine) jşa.lj4 : u*u<tj j(alanine) 

j G<U Ij<t_j o i > j 1 ■ ■ ■ ^luu jÛj jdjajûjj j4Û<t> <i£ûijji jj I j£l jjû<l1 

■ OL£>j jljjujjjjJ lj_uî«U 

iutuS j jlJ< U >tbinj? 

jdjdjûjj (jûiaJ (_£4j<tû j_> (jt m iJJJ j l£<t_jjj (jjS <tû jrûljdJ jj_o<(J 

I J..Û I j jû <U jl<J .3 ^jjjj<L_j jOlj ljLÛj<Ij LÛ<IjjLj Sj l_j 

j jja. dM’i i aI~ iö j<û <ulj4Û i_)ljû. i _ J _Ojû.<û jûjj ti'njjj jjjJi <GjjJJ 

j_^ dJ Ijjdjdjjjj jjjÎkU jlj<u djjjj g J jjjljjlj jû jj<t^« 

<l_j lû j<t_j (L<i_AdJjjj (jaJ<t iii L_jjj j_j *j<t_Ûjj<tÛjj jl£<t__jjb»L jjJ 

jlûljilû ^jjjjû jjLj jOljj_u&jjjl£ j(^jj<L-a. j jrûjjj<t_S j>fljjljlj 

Jdjdj_jjj <t_ilj<û (jj<(_> jûljjjî. ((jî-LUJJJJ jjj) ^djJ-UU (Jj<> 

IjjuIj^ 4J jûlij 4><u4.^ 

iib (Lunm) (jro^—J ^LjI) ÎSSI ^JL< 

ijpu l*j4u Jj^ûhuJ ^Jj^JbidU^J ^jrUdû I J4 ->£j4jJj^jJG ^4J cIJ-oI a>4.\ 

jOljj-iA^jjl^ j^jj4.a. j(purified) CHJ^ Lr^JJ-i lt* j J^ J4.^Aj4.j 

IJ > v, t'itJJJLU ^jyjuu 4.J<L^ ^4-udjjj j4_j j Lû4_A4_» j 1£4__>uIjjI£ 4_lj jûk 

dj4_j Jj£ui U ^J^jIj4-.i Ijj (artifcial) ^Jj^ >■ .<<jj ^>jv <7» . j4- tf> 

Djj^ko4.u . jJj-û jl^4.^ 1 4iu jju 4.A cjlj^ujbJ ^£4udjLo ^IjJ (jIjIla) 
4-Lj 4.\ > ^ n4^ 4-iljJU ^j-J ^dJjLa <7ijjuu ^£ljj^4^ £j j4^dJjdJ 

(_gl m < > çgjjj 1911 (^jJL-uxU .jdjdj_ûjj tr -ii<t.J j_i (essential) 
dJjLs (»lû (C. Funlc) c^ij-9 (j-<" (_^<JÛ4Ûju (biochemist) (jibj 
(_^Llji<tJ j^olûûS (^<1 -lûjj) jrşaLLiS lû <û LiSdj<t_u> Jjû.l_> <t_u<tû-i_aûj 
(j<tû<tj .(jşu<lû <_£<Lui>j (_)<lS<U djl jyÊjbj O-Jj jl—>j (_£ L> LxLxtû '■ <~ *tt 
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(ji<t_> J J Jjû di 11 i<l < jjj »<t A jûûjljjû j<Lj jjj *' | < >j>6jû-û _j> l .11) Lj<L> 

. (jiûj jÛSJ d<L><tûJL>J><tû djj lû (jlujdj 
O.Jjû*J (»J<L^ <t (_j<tûdjl j> |jjLxU <û Jjj <t 117| J*I iaj .tjt duûLS 

jljûj (_£<lili_L^jjj_>lj> djû<t_> j<tû<tû (jJ<t_û*JjSJ IJ 1‘0—>J j<t_u><L> ^JL 

. jj_Û>jlj j<LÛ_> _>jÛ j_j*j <tû<tû_ûjj_> (^Jj<t_Û <LÛ R (jilû<t_l<Lajû 

4 *»!(]< >« <t_iI ~‘ *~<- jj ''l4> i>J _j<t_> j4__J ‘«*< (^|jJ . j ■ < ." a.' 

j_ÛSj J <J ~> <~jj * ^jj lû*Jj<LÛ jQj a. a >< .t 4 <j >"jj < (_g<tû<LLai>jlJ-JL. 

(jjil jûöj .dj<tû_>jlLi jûji. .*. ."jj * jOjjÛJ jûjLaJLj d_û (jjlj 

<t_ûL$û.j_> <l_3Ij (denaturated) (jj_û j ^ L_o lj Li jûjj_j j_3 (_j<l_SÛj4j 

djlÛ jli 4 ÛjjÛ.j jj~> >i ii<ti jL Jj(< |4Û j<tû<û (jjj *< (_g<tû<t-Lai>jlja. 

clj *~ •■■!lj<U (jJOJ JjJ <LÛ>jljU>i>jlj I j4_J | << < I *■» ‘* *ajjJ<LÛ (_Ji>jlj-uÛ 
4 ~* * aj . 1J<* <tû >jjj<t_> jlj<t_3 (J<t_i<û JjÛ (^jLuuljLj <LÛ4Û_Ûjjj 13 ■!■ ** 
d<t_>»jLa <LÛ<U-U >jl jaÛ j 4 <4~> .>j<tûlj3<L> >j<tûlûi>J O * n>J <tû>jjlûjjj 
j‘* * J <a (jjlj<t_3<L> >Jjj >Jjj j<j * * aJ (j . ■.. <t_31 (I< * * |j<|û (jjûjl J 
< j-ji>J 4 -J>.jLj <t_JLjlj IJ>J<t_£<U . j_>jjûu>J dljjû. jû>J (_^<ûLj_ûJJ_> j4j 
j4Û ■ ■ jL3<t_),.>,jj*j>4j 4 iVij-> J_> j > .Vi>j>jJ<L*S I J<t_ljJLJj<U (jîxûLa.jL> j4Û 
>j<tû_>jû. (_gj 4>4 > J jjdjûdj ljûl3<UjûjJ (_£jljjJ jlj<L> J M . ~* . A4 \ <LOj3 

■ jl<U (jiL3<ûlû. jj »j4Ûjjjlj^dJ 

jljj_i. <LÛ_Û jjj j jjûdJ_S<L> jl<*> *~. . Ad‘* *t_Oj3 IJ <S> ûLÛ4ilû* jLxtd 
jl *~ ■ ■■ >JJ_> jlÛ4_ûlû (_g<LÛIÛj*3jjj j4_J Lûlj cj4ÛOj3 •■■jj ' jLûdjjo. 
!>j<tûj<t_><U *4_>4 j& 4jj<t_> (_ r J_LUJjJ*j IJ4ÛIÛ4J jrûjjj V>j<t■ **jj ' .4 ) ) > 
jdj<LÛ4Ûi>Jjû ATP j j_3jJÛ (_yjjj| piûjj (_yjLaÛ4 î <td<lû (j<tûljj<tÛ j4Û 
■ j<tû>J ljj_LJJJJ (_yjjjû ‘ JjJ<U ^jljuîxU (jj4< A 1 *“ |A t jUdjj 

j(Valine) jULi j-S>j ^jû-La^-i (j->ij3 ^^lû^ûL^Ûjj ^4_jj3jjj j<lû 
. jjjjûj 4 «i> > a<La j-idJ 4 _jIjj 3 Lf(Lysine) j^uuj^ j(Lucine) jjruu>jjJ 
i d i i’i î d >“ j * ) Ljj d M > *t i a<i S i 4_u<jj j4u 
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j_> j d <d >~ij —±uj jLÎL (Cis- retinene) jrjljj 

djL-adJ jjjj^ d_jl jjÊ c(trans-i'ctincne) j»~- -"^j —j_j|j2 

jJ .(31 j^Lajj) <•! injrt j_j j-idJ ljJ<t^<tJ (nerve impulse) (£4_jjj 

jJ jj 5 jj_3<l_£ <i >*j<ij ^LiLa jIiJj<lj cd iii lo <t_ilSjj <t_S<Ujj j<t—j 

4_S4~» ii r; tj jjljj ajLjjj jLilSaj ^lijjj (quantum) ct < s v ia<tT»l jS<t-> 
^dj<t_jjjiJ<u<u (^jiljjdJ jiajljjS j»<L . jrujjjj -jxj jj aj<Qjj<t^aj 
(j<t_jjj j<Lju <t_jjjjj n £<LaJjj (_Jdj<t_j jj .(JjSj Jjjlj<t_» IjjaLS i»l »4 

j<t_j .<t_£lj_ulS (_j<LjjjlJ» j<(_» <Ljj<Laj <LSajlj-S<tj < «li< jjaJ .jjjLêIj 
O ljaj jjj Ij_ j^jjD<lI Ijjl_jli4_I (windingon) <t__jdj<L Jjdl<u 

ajdj<t_£jJ (^S<t_»ljlSajjjj jdLjjjji<t_j .3 1 <t_ij j ( _£<t_ l ij.<j (_^jjjj^<t_i 

—j-iljj ju dj<Lj<t^djjJ jrû_Ljjj — jjljj <(biological reducing agent) 
<Ujjjjjj —jjljj j<t_i jLiL t(A jruaLjjS <LjI j) trans-retinol Jj ■~jj 
.Jjjjjjj -jjj jj Ojjj^aJ (isomerase) jjdj<Lajjjlj ^jjjjiû (jjA <u 
j La. j(Cis-retinene) j*~» u *j j u jj O * ■ *iS jjaJ jjjjjjj —jjj Li * * 
A jruaLLÛ . jjjlulj (j<Ljjj (_jjjjS<t_ijj Jjj.lj ~‘ ‘i“ jj (jJJJ ajLalj 

6j4 V»J< .Sl-J. (jjjlj_j»aj (Jji4__a<tj 4__jlj (jj<l_jj. jj<t__l 

(J^iijj cLdjjJj jj»jj_SjjjJ^ <_»j_Jj gj-JJ : (^jjjjJ<t_ujj 
‘•I J»jjJ <lS d<U<UlijCÛ <L^jL j<Lu» Jjj.L djj.lj J<U jL Jj<tSj Qm4 A 
djîî<t_ijj (j-^jjj ’-fa-i j<Ljj»<(J Jji.l_J (>jlj-JJ <j-mLa (JjO-Lş. (jjjj<U 


• (J-JöJjJJ^^KtS 

j-r.i~.~a (_^jj<t_^ jjJ Jji.L <u. jL jjJ<tJ (carotene) jrCijjlS jjj4Ê 



l»^<u jrû (amine) j^j<U» <’!'»'»iaLLiS ji<t_^.4.S Oj<tSjaj jLiL Ijöaj4j 

. d j4.j La j4A jja QjJ jj L 

j Kd ■ a!~ .a j 4 __»jjj . j jlj__j|j j LiIS<L_JLgdu j j-r.1 ~ .a _»aj 

<|Jjdjdjjjj (^Lii<tJ<tJ jlS<tj_i_at 11 a j *j4 a » ». “jj.» (jjliu4 iV.»» J <tSj j4j 
j ISajj jjjj djdjdJ_ijj . j<t_Sajjjjl J jlS<t_ajji4j (jJj<t_S ^’.Kd V. (K ■ i 
(jjA4_> j_»öJ ö j4_Jj4j<l 1 t j4 *s l~i I iijjj jtS<t_jjjLij3 jtjjj. jJ jiljjLj 
(j£<ua jj i7i<l» . jj4_Saj d v <‘< uLjs »~<4 ^L . jj^ »~»L> jdj aj<tSIjjû. 

.jjj—iaj jL_i (alphabet) j_»jJ<t 1 » ‘«i<4 ".^4. ji<4 ~. .-n.a ^£aj4 m 

(jjjj4 j (jllS<L_jjj (jjjLu IJ—S<uljJ4j (jdjjj^4 » (ji<t__ajj aj<t_jj<U<lJ 

. jj<tSaJ j I luj L 


(jjjj » a4 *s jduJjis aj-jjj (^j jj.jd.jj JjA <Li_uaJ A jjaLjJ (jj<td 
jjj j^4j<j A jraaLjjJ jjjjJ (»<d jdjj<Uj (j-u»jJ<U ■ jJjöj jS jjij^ 


jjmJb 4 'i i>aj<tS <t_»l jJ<l^<lI (jdj<Ljjjdjij j L_j. j(cornea) jL j. <t_jjj jS 

j i liSJ i int ul^ IjA jrLal—jjS jj j4_ ^<tJ .(nightblindness) (jjjj£j4_ ö 

jL<t_) jIS<t_SIi dj_i<u J<t_d<tJ ji<4 . jjj aj_j<u .(retinol) Jj '• <~ *j 
<lS jjJ ljd<u j IjJ<t_i d<t_j I jj LS<ûjjj IS <t_Lj j<l^ (jj_>jj (^*s4 »ojyajj 

Jj *»*i tJ . O > J t‘ udjjJjU ^<4 .J 14 r.j<4 i ^J I J j£ 4 <Aj-V.j 


IjjLj <ul ^^<t_» Jj4_jjjjaj I jjjj<t_i.<tJ j<t IIS j Jjdj (^ a.'■ * * (^dt-iaJjLa 

. *j<Uj jj l j 

jrj_ ljjj OjjiijdJ_ lu A jr.jl_ j_lS (derivative) ^4_ j4jj^jöj 

(CH 2 0H j4 _J<LajS Ij_ jjj) j(pigment) <t_S<u<ujj<tS (retinene) 

: (retina) <ul j jLa. jjjja-i 1 4>j<t_iajlj — CHO j_. U.. jJ<u (£<t_l<Laj£<u 
Lr^PJu^ lM**- 1 4 J<U dJjLa. (_jjjji (rods) (^t&UjjJ jL<U 

(Visual pigment) jrû_ jj ji _jjj jfjjÊsj _£<u (opsin) j^_uujj 

j4 _j (^dLjjj .-I j*ilS . (^jjj-Sjj (rodopsin) j^-uujjjj jjû jdj_»jj<d 

j ■ u j j* in >jj j_j j»jJ<u 4<4*.. ...»j'\jj .(jj 4 _SaJ jl£<uJ jjii 
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(J j Lj I -«■ '■ >jL|j jgj l?l<l 1 )4SI)JjS 4_ljS 

jiujtLj .*j*jtLj.j lij. <t_SajÎJ<t£jj (extract) (^Sjjtj jLûib 

* ajjj jjjjl i _êlj J jj. I ) djlj_S (_£<t_SjJ j^jAtl > <l_S*j24£jj 

^<»»j 1' v»j j .<l jj^jj (£<l <LjIjj'».'j< »S1~ ^<lj j_j (filtrate) <lS<ûj <(Ij 
I Jljj j£Jj_) ^_>djlJT^ ^jujJJ Jj4 ->.<)< ■*l v »'bl.' |J<L) jtj Jj<(Sj 4S<L> jSIL) 

■ j ‘ V “' 1 ~* L?4^4^jdj (reduction) o j<l>j jj-ll (_jjA4j <t£ajjj jjajl j\Ê .^ 

jjj — JjLjjJ jj—<ûjj j —j ^— xuSjjdj dLuj jS h >4j u —Jûjj l»j —£jjI£<U 

dLÛjjjj ijj<Ljjjj_LSlj (j»jjj<U .(dehydroascorbic acid) dLujj's ».i4j 
ji4_a. j(sodium carbonate) (jjjJj—uu (_ $ jl_ij>jlS <_>j_Jj jjJ jjj.Lj 
j-^ a J j-^JJJ Jjj ^4_)Jjljr^ jLj dj4_ij 4-S<L)j5i Ij ^yjûjjdJ 
(_jjjj<lS .aj4_jjjjuiîlj ^<Ljjjjj j Lj (Methylene blue dye) jrçl_Lj4_» 

. J_j_i.5 Li J <J *» »1 »*!j .. . .T. <~»A J OJjSdJ »j<tS 4 <ajJ*».'j< »al~ 

^<») »»ijjj jl j 4 __jjj£j o £<L>jVL) u < v »»j |j j4__^4j Ij ulijS<Ll 

(potassium ferricyanide) ^aj i »"L>jj (jjjjLuu jj-LuLxtS o j<Gj jj_iiîL) 
(prussian blue) L>_ u»jjj j±* _^tUjji _ uui I j4 _ j ^lj _jj 

^< »IJj< ii<4j ^ . (jjjl j_jJJ 4_jlj4jjj < ) 1 ‘jL) (»4_J »~» uajJ Jjj 

^< . /id Ajd » Jj,£jLau)L> jjdjj<LS (' $ JJ>L (^jjj ■ jjjj-uLL)4 j (JjuJj4Sj.j 
^ (djljjjiti (Jjj<4 luJt£ <L4j ) D jrçatj » a <A ju Lj J ^jIjJj ■>Jjjju4j 
^‘ 1 *" <j) jjjj) '■*» ■•■ »*» ju << »»J ‘»» -»■ ‘»» ^^4 iOJJL D j^ o 1 ~ »a .4_)ljJj 
Ij-JljjjxU D jruLûjJ jj<L.S lj_jljj j jtl_jjuj<Ll jjj m4 Jfj' uuJt£ 

^ <■» »»jjj jli4_J .(ricketS) <L_aJ<j <»< ■•■’■■ ^jJJI .7»jjj (jj_A 4 j_uJJ 

J i*Jj“® jjj^ J (_j—■-“La ('jijj^J dLÛjjJj ji4_a. <ljdj<l_iJjSÛili 
d<Ajd‘».'j< »al~ (Jjjj J< »Ij< <~ 0,,,4-L jjJSjjJjU ^jjijj dLujJj 
jj <L^»j^4 ^jj (J-Sjdj (jjljjS (jjjj4-j) j4 *>ja j4^ jl£ ^4 jIjU. j4u«Ll 

■ 4_jD jrçat jjJ (j J_i<Laj4_u L) djjj mlu 4_Sj<3»j j4_j4Û JJ_> jjj_u ^ < ■>j 

(jjûjS jjajjjjjjl^ jD jruLLÛ (^tUdjljr^ jjjj4u. (^jjîÎ4ijj dLulS 
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(^ilS4_jjSjdj (jit£<Ljljj^ (_£jljSil__u)lj t$ S4j4_uU.4i :3 1 (^4 —Ijj 

jl£4_uidj 4—1 La. (^lijjjO—) jl—a. (j—jjji^jj (£djL«4__l A jr^-o t—Û-»S 

. jrûjjioJ Jjj<La ^j 1 £<l!<L» jj 

4-SJL)Jj£ <_ $ SÛJj_^ (_£j<L_> . jj_jjjjj j_> O-Jjj^dJ I Juu<Ll<Ll jrujjLS 

I ' <»<.!'j4j<lI »j4_aJ (jjU<L_i (rosehip) 
(^iUjjl^ 4^<Lajjfl jjjlj -4ÛajljU jtj Öj4j_) (chloroform) (ajjijjjJj 

jLj 4 j4_Ûj 4_jjjlj-û . O Jdjdj <L_Jjj-U»J <* <<)<I.J V .< 4—1 jÊ (Jj4 )jli 

■4_^j j-J ( ^l , ) )4 A (_ $ SjJjIj_S ^uÛji d_JJjJj jj<Lu. Jj_j ( ^‘sjA ljjtLu 
4_i_uaJ jt. )7>tj J(Jj4_SjjJ4j& jj<L_uu 4_S<LajjSjjjI< «j«j4 *■■ _^ *»» 

■CtL“ 

j 4—>C jruaG »S<< < 4—iljjj (Jj_j < »‘»lat i »3 <* < 1 ■ j ■ < 4_JjS (Jj4_> 

C jrçaUuS . Jj4_jjjjaJ IjjtitLl Ij-lj. j4_Sjdj jj ^JLiuUjS ^S<t_>dJjLa 

(^jt__u)tj4j jajiSjua.L_i I i »d<Ajlj<< »jlj4_ J (»*l»»jj< ...<) ( ») ^ ■"■j‘» 

j4—) j4 A j4__UuL) ,_£*J*j4—S.jJ (^S<Lulj IS C jut_LJ . ."* » .7. AjA ' 1 d A 
biological ) Ij-ilSojlJjS aj_jjj<Ll <t_£ o jjJ j—S_d <jlj öjaj 

.(jjjjjjjJ ^Jjju> (proccsses 

jlS4-jjjjjA <^ijjji-u)jjJ4j (Jjlj- u)4j dLujjS- u)4j (j-ûijj 

dj_jjj<tS (adrenaline) jrJLujj^j (jJ4_)ti Uajj<u jOlSaJ (hormones) 

di»'jj< . ■■<) g . (^ .".j » ,o_u Ijj4 • “4 » (jiL-uiSjj ■ 4 < »j< (' $ S<t—><Lujti 

(j_ûijû.4j (jj<t_u>»jb, j> dLujj< • u4j (^alijj .<Lajji4j db jj<L& *■ ■(]< )» 
(^j4~i ,,xLo. (j-uijjj '■< ■'■*!j dLulS jOjJ jtS<L_> (scurvy) r 'j^j A< ■■■ 
j (jjj -».. <t_uijj j4_i j_)*j (jjj iaUi4j (mentally) (jjj_> Jjj.l.j 
■ jjjljilj djjjjSuxti (jûijj (jilSojdj4SjJ 4 ju,jJj j4u)<U dûSjjjlS 
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*j<u j_> (nicotine) j^"j S ■ ■ (jjjl j_>oj . I j_Ju£j4j J<u^<l) 

^jL <o1j<u j" id ^ d *»»"j^»*» ^ .7.j"dI jO- jjjL£< t_> d fj ■"■j" 

.(jj£j J>J La lj PP jrLelûiS 



Nlcotine Nicotimc acid Nicotmamide 

(vitamin PP) 


»Û4-^4J clTTijT jS-iJ —<ijJ (j^4_S <j__SujJ dj<L_l JjS-aj<LS (_jjA<L_> 

jti ^jjj jÊjÊjuj (j^JJjJj 

(j-j (copper acetate) j um (^jlSjuu dLÎjjJj jj<La. jjjjJjSj <lSöjI jr^ 


■ d<i_>i>jLa (^ljj . j Ld < >Jj*j j j O—>jj£oJ jO jjJJ-LjJ *« *> A ' <l£j 
J > Lj LjjjIj£jj . 0j<l_JJJ 0J I >•>■ <t_£0j IJ-d<Ll j_J (_y j * ■"■ (_y£<U jj" ■"■ »*> 

.(jjl^aj (biology) Ijjjljjdjdjjjjd -ÛjjÛ ^jûjJjj (nicotinamide) 

(_jjl£<i_Ojj j(ribose) jj _* >lj ^$jÊ4 _O j<t ^4] j_>Laljjjj£ r> 

(complex) dL_jjjJlj j(jj.^oj_S<u (adenylic) d>Jijjj<t_j jdjjji .nji 


ajjj_ius.jj jjU (_yjl £4 ^ *‘* *>4 < .~>I<A >~ jjj 

jJjûûjJ 4 _ I (jjlj_ö<U 4 __j 4 j Ljj jj4j j 4 _ I 4 __S.jS<U 4 _S( llVdl'OgC11 aSC) 

<>—iljjj (jjt^OjJj4 <Sjl Ijl-S .Ol_SdJ (_^ljjjj4__> jl_^ (_yjt^4_djjj 
Nicotinamide adenime ) (NAD) juLaLjjjjSui ‘< ûjJ 4 j (^ju tijl£ >~» 
juLoljjjj£ i~i (_yjjjjJ4u (jjuLjjJdjjj 4j|jjj ^jlSuuuji j(dinucleotide 
—j_iljJ <(nicotinamide adenine dinucleotide phosphate) (NADP) 

.4jl Jjj (^PP jruaU »ad< Jjjjjjjj — jjljj jj jjj^OJ jrûujjj 
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<t_Soj^4Ûjj fj ^*»aj (Stirred) (jjJoj < v <~ (jj_jjj<u o »»>4 A ^jLj JjÛ jJ> 

• (jjûJjjjxj 

(_y^jj-uS ojjj-jj (j<Ul (jjlj4u (jjl^~l4 A (jd<t_iLjlj IJ1 936 (jJlj»4j 

(permeability) (^-jljlj ^ljljj<Ld Oj<t_S jûj (_jj-> (A. Szent Gyorgyi) 

o.jjj*j û (jjl S d<t__>dJjU (jjA<i i j»j a. (jjL__Si>jjj j »>jjj 

jju4Û .(Vitamine P Complex) (jnS iljajû P jjelujS Ojjjj a » »»j d < 

(^jjju- mjdl jriltin jrv—Jjj (_g j ft 4 J 4 JJ j4ÛJjU ^ 4 ‘l 4 S Jjlj—ilj 

(Rutin) jg—jjj .0 _ jjöJ (catechins) Jj4jlû<ûj _ suulû j(hesperidine) 

jj4_jj G < »<*»AJ Jj 4 _j j4j<U »4_>ljJJ 1 j jji (J_uuûJjjjU (j4_J<La jj 

I Jaj<tûJ jS >SLj (jû<t_ijjjj4J .Ot <a »~ ...jjj (III) ^j-uulû ^J4^4J 
jruJ,j (^j-li ^4-jdjlj^ d4-»4-iijjoîi 4-^.jb j4_uo4J JJA. Lj 

J-j-oLj ^J_»jji£ J4-^4J (^j^-u j4 ^Jj^Ij 4jtaliUjdJ4J 
.CUJdJ jj4duu 4£djljri£ 14^ il4^ u (iii) 

dLÛSjjj csjL jO.inA u-ujjZ u>j-U O—> Jjû.L_> jjJ 

4 <4 »" jj <P j« r»l 1 »S (^Uj_Jj »*»4 ~< ^.j<L_>i»jljrÛ jlû j4_j_ljû>J (Zinc) 

Q »>aj jjj • ■■ 4—jljrd IJ alaÛ4j<Ll jO— jJ Ijj4 ■ ■ ■<’» Jj4_iJjûjJ 

djjûxui . j<t_j& Ij(tea) Lu.<lI jP j^uLÛLû ûj* 1 ~»*»d<*»» 4 < ji<4~»» »~i< 
■ ^jljûj (jLs. fjjtLÊ »dûjû<L&4Û »diû.ljj4 » jlû a»j<LÛj J »~4 ‘» Jjo<l4 ‘» 
<LÛdjljrû jldûL Q uOJJjOj d<UOjU j^ljJ <tû<uLu. ^iLStioû (jOjljjd 
<jû» (III) juuli (jJUjjJÛ Jj4^J<t_j jÊ<U,&j\j£ jdûûljj4u jlû Oj<lûj 

.00 4^0jljr^ (jjjjjjj<Uu (jû>J<Uu 4 Ûj 

4 »»~» 0 j4 1 ||Ş JI 1 ajÊ P jruLj_ii)<t_> jÊd _u jj0jJ4_> — » * PP jrLatûLÖ 

(j-uijj jy^uiJ_iu<tj j(anti pellagric) <l_jIj^5Ljj (_jjj (jiPP jjuLÛLil 

j<t_i4Û jru4 ^ i v i~)lj (j-jli (j4_jojL< l 1 ja^<tu (nicotinic acid) 4 < v .~. »~j< »~. 

■4jjjjioj jrûjûûl jûoj <LÖji 
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j l£<t—ajjj<tj -> < »ij« ^ .v.j" j«lJ j(fo I i c acid) ^ -“j" 

t j<L_j jjtLj jdV'j<d ,7,dC H) jtljL-j_lS Cii II)Jjj 

JjLjjJJJUJ jUJJ j lt>J jjkjjjj<__> jÛL^dJ d ,V.d< d—iL J*. jdj 

db jjjtLj jjjbjtLj ~ I jl_> ^jjuûjj jjJjtL^ <U I J «!»«»< 1 i7i j*>j j*> jLtLStU 

jj-jjj^ Ç) iiijjj j_J jjjjftdJjI2d_j J_j Ijdj JjjliltLjji L,jtS<Lj Q 

Jjj t“4-U jj^tLjlJ^dJ ,j_iJj£ O < < >jjJ j_J (jt—udu jd_jJjj ,j—iijj 


jI Ijj. (jji^d_> jLjd ajjjdj *<<jj a, <*■'jdJ J<J 'jl<d~d. 1 ... 

jjj-jköJ d jj d_jLj&o ^jjL jjjL jjiLJjLj jj_jjj ">jj-^Ad . . j_juljJ<L^ 

.(jjudJ <l£L jS<L> 

< i >j Lj '' ,, ■ » > . «>j_j Ljdj (Jjjlild-juu jj jj j l£ 1.jjj jjt_jjijJJjjuji 

j_Sdj jLJjj<Lj*> j jjjjlj-ilj J_»L<L Jjjlil<L_kji (jil^<(—3j^jdj (jjjj 

<i ila<L (derivatives) ji<t ilij^j»j j><t j .(jjjjj>*jjL<t j jl a j*j 

jj jjju jlild _ui) (Sulphadimezine) jjjjyajJlild__ :»j<t_ jjj^jj 

Jjj—<t_aLjlil<Ljji j(Sulphamethazine jjjliuliJ<Ljji tSulphadimedine 

Sulphaguanidine jjjjjlj^lild_ <j j(norsulphazole Jjjlild_ uijji) 

(Sulphaethidole Jjj ij Liild •■■) Ethazole JjjLjjj j(Sulgin j^aJj_u>) 
(phthalyL suLphathiazole) JjjLjtjlil<Lui Jj^Qi (jjj<t_^ t<Ljjjjj jj 

jjJjL 4 L ■ 'jd < * s'd t Oj _ t^JJ Jj I _Ui jJJJ juji (j Jj<t_SdJ 

j4_j . JjdjJjljj^ jlSjjjJL <LujI jj<L djjjLdj jjddjjjadû ^yiL2dJ<t_a 
j (jjjju jlSdJjjjj (jjljjj 4d<LLjdj jJdjli (Substituents) 4iljljjj ^j 
> jd_jj<tj4j . <>jdjjjj jlL Ijdjjjjjjjj jjj<L& jlJ<tj jJjdjjjj. jL d~ ■-< ■ 
‘LjjJjj j4_J (^JjjJjjujj jj dj4_^jjts jjj Jjj4_jLjtil4jui Jj^llûi 

jl£<Ujjjj jdJ4_^ jL<(J jj^djJ<U (juûjj.'L (jJjjj-Ladj (jöljdjdjjjj 

.(32 ^dûij) j ,J 

:d < t (ij<t—^ lj»j4_jjjjjSL ^Sd—jjjjjdJ JjjI—i l—j til<L iii ^<"d -<. 
(jJ-uJ^j^ (^jjj4—S O j' JJ O " Ijjj ^j-j (^d—JJdjlS ^4—Jdjljj 
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(jLf<ÛLjo<d<U 0j4j£jSLdli 

I J4-J (jjA4-J Jljjudjl j ^jjljdj,-iiijj.<L (j4-Jjjj 

ajj »j)Jj_£ j jl^4jt—ui jLj d*t -<■ ,v 'd < 4__i■>j<LIjt>jt> '' 'j 

j_> (j<t_jLt^jj j<t_l ‘*i *<d < . jdJdJ d i~i <LLluii j<t_j jLi jjj l^4jj Lui L 
(ji>Jj<tj <LLjjj£ (jjljjSdj (jjilodJjl^O <L>LjjfL>-a j<L ^JjiJjjuj^ 

.Oajddjdj jl < »1 < « << (j4jj jlj dj jj<LSdd (jdj<L> 
' ilAl'jald ... j^jtd * jj u<t j ~*j* * tl t/»d~ ..... (ji>J<L_ui (jLdj<L_ui<Ll 

Sulphanil jjJdJ <itia <t_S) (para-amino benzene sulphon amide) 

Ij4_jja ^jL_ l^j<i_ Aj<l> jûIdd_| jl_j ^<d ■ d~ v tji‘. j_(amide 

d ''' Jjj j4__j -4__i4_>j jL ad i d < , lj. t-v tjd ... . Ij '' A o Ui»j<u 

j)ji4 a. (jljJ ,(jjj_SjJ t j_uiji.4j djJ_j<LA (jj_A 4_jjJJ (j<t_jljdjûjjjj 
IJ jjJ (jjtj jO LijLjd_j jLajJJ j_Sjj J_> Ladj JjjU Id . n ti>jd ~.,'j< .al~ 


■4__i_u4_) 


. j4_^4i .(Streptocide) jjI 


^dOjjljj <öj>dj t(jj^j j»j4^ (^jljjlS (^ÛStutL 
j<lj j~i ia<L (j<U<Lajj (jdj<LjjhUili <L»>jdj Jj<.i) L j»<L .OaJ J (jlaija<L 

jLd I ' 'I ... j~ ' jLui ^< "d lj__ui_U OIJOJ jL-liljj IJ4 JSJjLa 

^I-OJ (^j_u>4Û. (^jjulj (juiijj (»4$ (^Jj.a4^ djÖJjljSL (^tLJJjjj 

(jj_>jjld (^djljru^ jdjdj<t_^j jjjj jL<t_> <t_£djljr^ t W> t4_iÛJj£j 
■■■ ^<Jjjj~ lj_aLjjdjdj .<lSj j_j (Barium chloride) (^ajjjlu 
^ t ".td...A ' SO 2 Slllpho jil<t_ui (j<U<Laj^ (jj j j jdd O-uJJ ‘~* ■ “ jjJ 
‘■.'(jjjij jdjdjjjj 4jjjJjj (jjljJJJ Jjluijjjjjtui jja. 

O t < * <L Ljj L_ui lj (jj_ji Ojj d<t_>Lj&4j (jûj4_J j-J - 4 >jLjJ Ij 

Hj jrkalûjS OajJjJJ (jjj<L^ <ljjjjjdj jjjjxL —Ijlj ^yjûjidj ~îi n 1 jjj 

u. < Îj‘‘ '* V ‘C <, ‘i (P ara amino benzoic) dL 
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jljdjijLj LajdJ dj jj<LA d < * ‘ * (_gOjlm :32 

j^-i Löd^j4JÖ Lj j c4^ ^ >*>Laj<>J dbJLudJL-o ^jjujjZ 

!j-£ijZ !jj>j Jjj-uu j»3f2l_ajj JiJjûj4_mdjla. 

L__a jj djJ jj^ ^ j 4 _A djJ j 1 __j 6 jJ jj%__j lj j... ^j dbJL_idaJldUhi 

-COOH ^4_l4_oj,£ 1 J v 4-JujJ ^j<lL-o<L J_Lj4_û . CxJjLj-AdJj l^4_» 
ûj J ^.^4-Aj4-o ■**< < “jj J4j j4 .. jJjj^^J COOCH 3 ^4_j4_o4_J 

^-dujj c^LljdJ j-u4_£ jj^ 4_A .^jLiAdJjl^4-i ^jJjLojj djJ Jj4_^j 4_A 
^_dîljJ JjLb jjgd J 4 /. j < 1,1 t i" d^ t4j±A .‘1*1* . .1 U . .1 3_lj_UU d 

OUjjjJJ j—ujJiJ ) aj<LuJjljJ^ -OCO (H ; ^_l'Ld J| ju_J <t <<t C * 1 * |_uJ Ll_U 

<l£) (cl *' * uuJLu 3 * * ,i “ 1 ‘ ^ iVijj ^j.'~î..14_i j * «t a .(aspirin) j <j 
OujJ jûJ (dj<Lxj jj£aJ — COOCV.Hş (^<U<Lajû<U COOH (_£<L_l<Laj£ 

(disintectant) jantiseptic djj<t£ûjjlk<i£ (Salol) JjJLuj 

j»4_j) djjj .•■itl... j-j~. ■ /.d —||jl 1 ."j" (^uj-i jj 111 ^.jj j. .<1 i7ib 

^4ulljl£ (4_|<L& I J<Ld<Ljjjjj<Ll < 1 LI<L 1 <LI (_£ jj_l_a4j (Jd-idu jj jjJ <I_i<lLi j Lj 
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^jA^t-u ,ji<L_ijj j<l_j . 0 —jJ J (hydrogen sulphide) a ~ij-y.jjj_iU 

(Jj J4_ £ (J^ çû jj ^4_j<llJ4j 4_ I<l£ 4_Jjj*J 1 jÊjÊ (J4 _JjJij<d 

4j4 S i ^jjJjjjj (jj 1 imSjjJjU (^ajlj^d - Li u. 1 j ,4_i4jft IjJjjljtjliJ4 111 
(_Jjjj 4 j4_£j Jjjt_lLjlil<Luu * aj 1J j*jd ~<.'j< .a|- (gjjj /jjjjdJ <d<Llj<LA 

j_^jjj ^4jj 111 j-j jjj uj JtLl4 111 jj»*jjj j_j ethazole JjjLjjj jj»<Ld<u 

.ajd~<ij< »alj 

^JJU jj<J j4_l djû<Lu j4_4 4_jjjij (Jj_a Jiljjtj-Ê (JOjljyt j<L^4j 

j»4.£<u<U : juaj o.mjjJ jljLo. oûaj UJJ~ '" *'* 'j*tu . 4_ioj4jjjS lî 1 j 
‘L£U <L -^ dJ J dJ çj-2 (jJ4-jîij4jaj ^<Uj j~i i 7n~l IJdj4_jJ j£jJIj (JjJ-i 
‘^ <L i d jCa (jIilj4_S) jj4-uu jÛ4jj j~i mj~» ljdj<LÛJjûu3L» (JjJ-i j»djjJ4j 
1 1 jg J4 L.ijC <at < ^jj -j j>4 t t m4 I jûjjJJ O 111 jj J ((juiûj j_A SJ 

j-> (jjj-^JJ (_g4 S4<~t0j jjljJ<LÛ j j i j't JJ jj4_uu (JJjtij (_yû<Lu<U.j j Lj 
djjj* 1 —? d jj) j4—i j‘tja 4 J — Ijl—J u —<ijJ ^ l^4__jj^jdj .(jjajl—3 
(J<U<LajS ^ ■ *-»- jj J lU (J<LjjJj<d J<U<L> QjjûlaaJjt£4 < IJ iS |7| tjj<u 
I j<lû dj<UujjjjÛj (ethyl radical) J_u4_j ^t> j<Lj (_g4Û4l t mSjjjjU 
(_jjUjdJ4 _ £ (Benzocaine) jal_ £ jjjj) (anethesin) j\_■ *« 

(_£<LÛ4jjJujjJjU (Jd—U Jj<u j<LÛ4j j»24u <Q t tOJ Q 111 jjJ d ~- 'j< .“■ j^jj 


jj Ij4j aj4jjjJjj^j CH 2 CH 2 N (C 2 H 5 ) 2 UIj jjjjJti ,_,ûû^*j<u 
<<lu4jjjIj jjJ j»<LÛ -OuJdJ Q.mjjJ (procaine julûjjj) (novocaine) 
. jj_pjA*Jjl^4j jûlj jj4ÛjIij^jj j£*j IjJjjj4j 
jjj<a4j — IjLj (^-ii jj<U <lj»jIjG (Salicylic acid) dLUU m UUu ^j-iijj 

jjJ_j 4_jjjj<U (J4_J j£j&j djJU uijILu (j jjijJ .OJ-a»JJ djjjj4_u 

j Jj-udjjjU -l<Lajû<U (_^jd4-j ^-uujU <_,.jja.jjJ- jU 












antipyrine jjjjL* a 'i~id \ : a ja-ijjÊaj 4 _iU 4 j jixLjljU j*j j» 4 _i . jjUj 

jjj_ loIjjU) amido pyrinc jjjjLjj_ lj4j j(analgcsin j. maJtjAj) 

jjiJd_ uj jpçol _îji) (analgin) jyaJ Qd_ j j(pyramidon 

_ a «(_IIj 4 j t(dipyron jjjjl_ j j (novaminsulphon) 

. ÖJJ.JJ duJ jUûUd^JJ 117| 

jJJ-uj Sj<~i Oj |J(III) j-uiU <_£J_Jj 3J£ J)4_^4J jjjjLj L t ~i'l 4 J 

Sodium ) ^yjjjjj-iji ^j-jjjUj jl jyS J) 4 _^ 4 J Ij_Sjj U 4 J CiIjjj 

• jjjJ dûj jj4ui (^4 j j&jAj •jlj^jj'jö (nitrite 

(^J—ijjjU (J4_£4j jjjjljjj_ lo4j t jjjjl_J L yjj4__» (_£4ilj4_3 _u4j 

CljjijjJ jrti i7i t S ~* A j (_^4__> Jjlj\£ jûL^OJ d JjtS |J(III) j i n U 
U~i& jl-J _idJJU 4_£*jl J*Ê (^jjd—l d4 löjU J IjJ 4_£ cOl_£»J 

(JdUJ__I dUjjJLj Jjj_)L (^_—LUjj4j 4__lJjlj%£ *«* '* jd *Cd ~t * |S| * I Ji I 

j<L_£4j Ub6jj4 a ■ (jJ4 S ijSj 4 ljjOJ jJ Cd< ibj Ij4_j -Cj ijj-i 

j_j >jj (j-jljUi (^djljrç^ J)4_^4J jJjJ U jJ_ lo4j (^öjlj>S 

.CiIjjj «Uj*j jUdJt Ijdj CujU 

jjj£jjj ..i (barbituric acid) dLjjjjjjjjU ^j-djjj ^yi Ud-Ij^ jö j 

:öj 4 _jj^dJ 4 _ ÖU4j (barbiturates) jUd_j|jj ■" “j 1, .(Sporifices) 

j phenobarbital) jLUjjUjjji (barbital JUjjjU) Veronal JUjjrşS 
(lJjjJjji , lU jj jU Jj4_j) barbamyl JjU4jjU j(luminal JLLlojJ) 
i—nembutal Jl—3j(Sodium amobarbital 


jL» (j-o-ö J.i.i*i< kjjJJ>lA (jfijlj^Ê 

tû-JJdJ (jr\—Co <L_^ ^ <i/N j bG^j<Lt»4J . 1 ■ 1 UjLi ^djlJ^-^ 


JjLa^JjL Jj4_^ t tA.i 1^4 jjJ jjj,j<> jj*v <7i > ) jLuiL 

ua ^^jI j_jdJ c4 .>1 jAl» Jj—uu (barbamyl) 


1 a! 4_£<LJLj Lo<UjL jl<L-J Jljj4_»l j ^_j Jj^ ^jAj<L-> jfûu> j<L_j 
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j-uuIj ^j-jjjl^ J<l^<U j^o 4 _a .(antibuber cular) 4 h<« ^jj 

(J^j4-J ^Jjiûj4u-uj j!u4-j4j (^jjljJdJ CjdJdJ ^j^Jdj (III) 

^J-ijji£ d-JUjJj J<L^<LJ (Salol) Jj^ 14.) ^£<L>djljr^ ^jJcLjJjI£<L> 
^ 1 Jk >4-) v*l »1 » tnlb-u jJjju-u4j ^J<l£<U <Lj^j4j Jj^-lS Ij ^4j d jj l£ (III) jxuIj 

<lJ<Lû^£ <Lj£j4j ^<7<4^<LjjA • Ll> L> £mjjjj J ^j-i4-uûj4jdj ^^jdj c^jJdJ 
. dj4-Jdjljj^ >*>■< u4j 4—14-0j^ 4 > d > 1 > < u,l Luu ^jujj! ^4^4 >1 ><n^jjJjlA 
j 1—0 ChÊ j-uu jdl >1 LuJLu ^j-ujj j ^jLuuIj4j jrûlj-JdJ CIJ—Cudj4j (J4_£<U 
jjJ-Jij^4i> jIuj j4 —j cûJ j4,...^ j O-i <JJ d > I > - < itl Luu (J >>■„< <»4 j <7<jj4J 
^jjJj-uj ^ JjqiiSjj JjLA (£b jl j*& j cJjJ-LuujJ Luu Jjjuuu4j ^j-uûjJ 1)4,^ 
^_<7ijj4j <L^djlj\£ cdj4jJ j^JjIxj (^ljJ .I j4jJ j^ >9L> ^^4 jjjjj jLj4J 

jjjj 

^d<d « «d ~‘J^ t/S J d Sjt?j4 « d ^ S JJ ' ■**« ' « d< « U ■ ■« « U . .. d _CL JJ 

III) j_LuU jj —>jjJd _£-£ dLjujJj d ."!< (jIlj j4_j ojdUj—uuUoj 

(^lit—ojOJ (phenacetin) j-g." ...r..ö ,(jj_£oj Ij 4 £qjjI .?..~.jd ...d. 
(_y^4 idjtdjdj A JJ~* * 0 <V ‘ ‘ d « d " V *jlj j»4j u^-J Jj4^ (tevei') U jj Oj4^-ljl£ 
4-a.jU .Ojl jLuu4j a J—L> OC 2 H 5 JNHCOCH 3 (£4_l4oj£ jjJ 4_S jjjj4_l 
U—JÛjl 4_£»j4iJj£j3U (^4 —JJjJj jLi dj4_Sj jdU—uuljji a Sjl 4 -L 
.O I lOJ Jjdj 4_£sjIj-v^ u^JUj I Jlj0j4_uu4j .(jjljUj ...dL ^ySjjULj 

. .**«««*■! o 1 ,,jj j jjoj u^ju jj" ■"« «*« j Lii U 


ejljJ .4—jjJj^j Ij»j4_ijj£j3lj (^4 _JJjJj jLj (jdlJJj (j^Jj jj^ jjJ-J LA 
(^JJ^uUjj JiUjjS 4iljjJ jajljr^ djjjJj d^ojljrş^ jaj<tjJj£jjLuu 
jj ûj ijjSoJ (jj4^0Jj0J IJ Uoj4jji 4J (_g4 t j4 i'i'i j4j0j 4< iQj j4J ■ 4 S i jj 

Jj^- 

jş-Ijj Ijjt-jjjj^) pyrazolone jjJjjljjL-j J 1 U 4 -jj^jOj 

Uj jyjlj jtU ojj (jil&LiUjOJ (^jj (class) <_,£lJjj (Ketopyrozoline 
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jJjdj 4-1 i K>J 4-^djl^ ljGdj4dUu4J c^j4JbJjJbJjjLt Ij-ojjJjx-u 

. jjj-uu jj O-JjJ^d J j Luu L» 

SijOiXLijJ’ ^LTojAoj ^^>3» 

jjj dLjdJJljb fijj^ ^ ■■' ,d ' 

<Ljljj Lîi <U dL> J_j<LO . j j »0 » (»4 _Oj4j 4_*<LO jjJ (£OJjL4_£ 4_>I j 

3J \j. _ o ■"■< l 1 ‘»l jjljjj j__l (jl£4_jjbijj..- j _S*j ) jl£4_* ‘I «-« «< 

(j-jJ^ijjjlj jj ( jl£4jljJjAjjjl£) jJ (_yilj4j c jJjijAOJjl£4j 
j4^a^jj J-Sûj (,jl£4_jj«jjA 4 -LjjUj j_j) ‘(jiiJj-J (_,_* jjjJjl£4_j 

jî£4__j4J jl_S jl£4__alji4j oj4_jLjjj»4j 4—£ j4_SoJ jLS (regulator) 

j Kd jjL- aj£ 4_u jIL (^Jjj£ Cuj^jJ lj£L (_y£jjOJ0jjjj4j . j4£oJ 
,_yilij4J4Aj4j (jlXl cljjlJj4j j4A jöjljikijj (jJjj jjj ,_y£_ljlJj£ 
jj J_> (JjiOj4_j ^yjjjd—oj j-JOJ . LjLSjJ j-^- J * Ui l>4_uG (_£4_jj jlj 
4^jj^. OjljLJ_uj4j ,_y£jj|jj£ jl 'ij ( jn 4-Oj4j Jljj j jljj4«4Aj4j j»4£ 
( _5_ûj_j£.4i (_J j-0 4 j * »* j-ûiOJ IjjOjOjjjj (_yjji4j4j d4 >4 j 1 j L ^Ojljj 

■ jJj-a J>».L 

4-uojlj^ (system) ( j£j<i 4 *Î . . m . . . jjj_jjj ^yjijojoj-ijj jjj4uJ> 

fj <j*4 I j Lj4_) . Oj4-JJjj£o J Ij_>j4jjjjOJ (J4_£4J jLSoJjL (k I j O Jj4-j 

j_. jLjSjJjLS j jjj£ojjt_£ ojjLo dbjj4j (sIjoJj4-j lIJjOjojûjj 

j jLi O - *J 11 (^4jlj4j 1 »< »" I<4 1 .(^j£oJjOj j jL J|J_U J jj£.> J 

4j LjjJ—_j4_u _y_ . .v . OjOjO J 4_jjjJOJJjJ (^jdLujOj j jLjj . .* 

I Jj*J*J-Lj 4-J ,_ y£ > 4 < < ijl-0 J(_£ Jjj4j Ij 4jljljj£ JJJ4Jl j4j jjj*.4£ 
(^J I . .. Lj4j 4 * *< >4 * ujl A j4_j (^jjljjoJ 41 jUuOj4j (J 4 S 4 J . jOJOJ JJj 
.(^jjjjûu OjOjIj£jjLJ (_yjL»uj£ (_54 jjjIj (^jA4j 
( jj.jj-j.4_i j4j j_j c(poison) j_aoj Cj-jjjj*J j t »»» 4 _ûIjj jlj j4_j 
(_ y-^jf J j4_SoJ 4 _ojj 4J jLS jL^OjAOj jj-^. 4 _jIj 4S Ojjj jLjOjljj 
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(_y_£jJjOj 4-JJJOJ 4 4 Aj C ^yjjSj l J_jj jU jtj4j 4 ^kj4 * l J ^yjl-ilj 

■j|J4ljjJ 

j L 4 _I jj£ I 4 OjJ (_£4>jl_UjOj .*l4 i4 ." J >*»4 -»■ _, JJ Ij_olij£4j 

4 jjjJjj j4 j V 4 J 4 iLjj£_u ojj j4 j .0 jjjjjj (antibiotics) 

jO jjjjAoJ j» 4 __o j 4 j »jIj£jjL_jJ (microorganism) (jj»j ».j ijj 

(^j-öjik^j jjj ((_ 5 -ji.jj 1 . 4 j (_ 5 jL£ja LjIj) (pathogen) (_£Oj 4 iuuji. 4 i 

tjL£0j4£. ."j4-4*» ljjC^4_) jj4_tlj j» I 1 I .I*l4j »4_j JJ4J j—> jjj-£oJ 
jûljjli 4 _£Lj&4j O_j4_Jj4j 4J C jjjj Uljjj. jL ^*»l<4 . .*. . /»4‘. 4 jj)jJ 


,OL£j Cu-u_5jJ (_^4£4jLi. (_5 jIjjJ 

oxytetra ) jçl£jL-_ I juc_i ■■■ < j t ») Terramycin jr. ...jLIjrçi 

oj IjLjC£4_j4J( phosphorylation ) jjjji__ji (^jlJj_£ (cycline 


. jjjj 4 jdJjOJ Ojj 4 _£LjC£ 4 j Oj 4 jjA 4 j (_Jöjljj_£ j 4 j LjIj (jjij-û. 


_> tetracycline jJ£jL_uul jLi jjj4 j 

jl£LjC£4j c(agri- strep çjjjLu —(^j£4 j .agritnycin jçuujLjj£4j) 
ojj dbj_i4A . j4_£j o <..jjj jlj£j jLij (_y *» lijj» jj_Û4ji jjlji Lj 
■ j4£oJ jLjj. (_5 jIj£jjLj ,^£jJjI£ j Ij£jj l j J (yjjj^jj 


ji4 j I j 6 j4_£j - j »■ 'j ■ ■■ (£ JJ_jj>£jJJj U (_£.> jljrç— £ d u jjJ 

4_£o_j2 4£ji d4u4£j_m. Jj4 s. j > j j. 1 . 11 L j*.» »_jjL_u ___< » »j I ' 

L—şjjj _54 _£j (_j—_< ji djjji£jjj_uL ^J—Ûji^j jl_ÖL ■ 4—jjjj£j 
(_5-£j£joj 4 -jjjoj 4_£»_jIjj£ (_5_£jjj :4 _£j j _i (III) jjuuL (^Jjjjl£ 
(_J Jjjjl£ J_^£i4-J (_y£4_JO_jlj\£ <_£Ojljrç£ d-ji l£ <.(_yj4ju_54jj (_£jjuu 
4-jjjQJ 4_£o_jljrç£ <*»r.j ijrujuL (^ 0 _jljrç£ _jli 4 jjj£oJ (III) *»■•■**» 


(_ 5 _Oji |_jjjiJ d4j4j (jruuuLIjui ___< liLLuulj£ J*i4~k j4£4j .^yjOjlS 
. Oj_joJ4_£jûj jjj _u (_ 5 _£j£joj t o_j4_ijjjj_jjj Ijj ■ •■<!<- _j£jj j£j_£ 

J j < . v » a a | Ij j_l£) (Levomycetin) jrii • ■•_» LjLd < v «u a. j4_£4j 
(^jj uu£jjjjL (£* ,jl-£^4 I jjj £ (i j4 £<u (chloramphenicol 
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4—jLoILo Llj4_j ^4 L J L_o. I Jlj4__A ^y^-JjrN .1 14■ 1 

‘ 033^ jjl^4->l<<m 4£d-jl^ j4_> 4\ >j 4£ j4_»_u 4 jI^L 

•*—£<4<4 ÛJJ—! . 4__ldj«Lilj_jJ j 4 ,nj‘> j4__uj J jjJ-J j-l£ 

j<Ut .Q->j—ttJ<LA cJL> (_glj4_4> <l$»jj > i7ijj j_)öJ . Ij_>jjjl£ (_gjtm^jj 

jr^t-uo£jj<U Jj»jI__S jjj jjjjl-S -ut£jj 4.-S4.J d_Û4-a. 

(^Ij4-jfc4-l jjjO (_g4 i uD<U4£ |>24j ClJji_uj4->dJ <r <»j4lujiSjtt-LA4-> 

J_jjjj l.>‘»l<4.jL>4_1 jrta. .-<y. ^yj_>4_> >(jj iii t^ajj4-A I J_£L 

4 <4 * jj»4 A (_g 1 SJa. 4<4*»»-< ■ ..<j c . *Jjj 4>Jjj Ij_alaj4j4j j j_>*J 

__g ' ■ . .'<j*. j^jJ < .jl< _ ujIj .ajd_ jjj^öJ 4_jjjl£ j; ' ■ ■ .'<j*. 

duj. *>4 A .Jj_£ jL_*jjjjl£ 4 _jI j jj_S jl».*>4 *.jjjij ^<4 .lj‘.l<l*. 
4—JJJ jl—ijljJÎlöj ^jj^—Sjjl^ gj__4> ,_£jIj4_J>4j ljjl_S (_gj j ■o'sj j 

(_gj—4>öj j_j (_gljj|_S __g' ■ ■ ..<j*. I ' < ."l<4 I (-.j**. »4 14 \ (_g ' . ...<j‘.J 

• jj^A<4 


(^ftjAjjj^jSlj ‘tJjjljj jA»j ,_y£4jdJjLo jjjj-Ajj (_£jJ ^gdjAj jj 

4 < '4 .AjAAj (dose) 4>JjJ J J L ’ ' 4—0 4>j j4 ~> | ) | . . I J- I j DL 50 

Jjj4-I (_g4 -» .2 0jlj j 4-j (_gO j J*> Ijjjj JJjlj——^. (_gOj Lo4 | 

J JajL> j > ojjboj OjjJ j4_j çj>4_> 1 4j 4_1 _g”-j <oJ < jl.>»j4 *..'j< »tti. 

j4 A J ‘ DL 50 - j l.'. .7,4-1 ___ ... »< j4 . .. 4 "!<».' 4 *»l » . » Sjj __0 

. Ojlj^ uLa. (jj>4_i ^ < *» 1 j <j 1 * < 

» lj < » 11 »a 15 4_! JfljLj j 04 1 ^ < * »lj^j I *< j4Jb jj DL 50 j4-^4u 

.(jj_jojlJ j-ijuidj (_gj4_>j4u <4 h>JJLo4j 4_£oJJLo Ij4_j jjj\o4_S 

lj4_J 4>jJI—>j (ttljSjJLi£ /(ttlj—S 1500 4_1 j 1 »4 < DL 50 4—iljjLo j4—> 


J»J ***- (_yjlSaj-t mSjj j I<4 ‘>.J*»J A ' . . ■■<j‘. .4_04^ jI »~ »J AAj 

Ji j\fc^ 

c juoj j-öjjiaj (^jl^4_j->jL i jj jûuujjB 4£ljil£ jSojlö *i■ ..<4 . 

. j uu-a j » j * 1 » Jru 4_£ c j4j|j4j jOJ4-j j4J> Ijjl^ jj J I Jj«>0j4j (J4£4J 
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j4_^4i j_j (_yj I j4_j I. < V »*! I <4 I Cj4_sij j_J j I_ttj l£ jl. ■?..<*. '*.4A 

J jl—"•>!> jjj (j-al—SL j_j (j nja 4 •i jjj ÛJ4—jL>4 j j Ij .7 >4£ojJ 

<? 

j—>0J .0j4 jjOJj ^gj—> jJ4j 4*.IjI. ...jJ (><Lj ^J—Ojdj (_g*j4_> j_> 

I JjOjOJ_Lij (_jj l^4_a IJ.j4j 4_l4^ (_g4_jljjca.4o4j!> 4 _jj j L j4_j ^ 1 V 1 > i4j 
_$4_i> (gJjui. ^injj ,_£0j4jjJj£_lJ (_gljJj 0j4jjJjjj jjjjliîlOJ jtt4Aj4j 
j_iljOJ 4_j Lttjjj K ) o j4_j .7,<4 » j|__llilj cj_go4_J .(jji4_iLal ji4j 

ij_uulja Ujb jjj4j (tt24j . j4^0J J» ' *» »j4 I jl^ j l£a>jJ>Oj jJ4j 

(jjiljli jl£4j>jjiKja (_gjlidJj_J 
jjjJjl^Ljjj lj-£_ût£4j jlj_llo4j (gjjj4_j (_g4_iljA»j j4_i> (_gjl_SL 
aj4 *...a.\ jLjjj4_> jjj j j->dJ*J ^laÛ4 j »1 »» »< (_goj4_iJj*> >SL> 
JjJ J_> j .4 < * (jû4_j| J j L^OjAOj JJ o4 a . O J' ' 4 j .4 < « (JJ> Lj 


Oj4jj j4^0J 


j4 i < ««4J 4 jJj£_>j>4jI J j4_j Ojj4_aj4j&) ^ol J_i4jlj j ^j>l J_Ö4 j -jj- a. 

.(4 > >*> ■ -.*.lj __^<4 »4*. .A,*.. 

(_J_ÛÛ4J j4_u>4j j I * >iJia.4 » jl—tj (_gj L£ (_g4_il_l_Lol jj4jL OJ J l-a j4_J 
a jL_S j4—J ( (j*J J ■"■ tjl—S) j__t IJ < -ta. j ■' j4 A4 I >4 «4 A Sjj—o 

(_gj « t 4 <4 . *. .J A Aj ^jLS j_ ■**. A ' ,4_>4jb j4-JÊ j I .4 ■ ■■ A. 4 . . I .j 

(_g jj_juu£jj 4_^4_> . j__>ljilj (jjb>(__> jjj (carbonmonoxide) jjjjl_£ 
O-uujjJ jjJLj tg^JtjjL t j-u>L ^il£4ijjL j<^4J ^iL-uL4j jjjjl^ 
. jijjuL *»» >j I <j a . a __gj4 *. .(]< .. j-u> L (_^jjjLj j I »j < . > uûljoj 

l_jjjjL> 4_^4j j>j__g ' ■ ■ .'<j*> 4 <o . c I jj_uuL j)4_^4j (jj 'j<*. Ijl<4 . 
O—uu»J4j j» *j I<j a . a 4_£ojdjöjijjj 4>jja-o4 * »(jj_>Ojlj 4^4 *t niL 
(j7i >*>l^4_iLa. j j_>*J ~47 ... I j.jjj-LdJ jr'-^tt uuSjj (_gaj4 77. ,.lj< cIJOJ 
jl_£ (gj-> m^jj 4 <4 . .j4_jli o niOJ jLti-ta. ...< f v - ? - ~ 




*JJ* od-?* 


t^-J (^tJ^ cJ*Jjlj j4j-4jjj <-jj4jl^ ^yiLj-UU^j jlj4_j (_j-44_Aj4j 

Ij^ >11 io 0.02 jjjjl_S (_gju •■■ < j‘‘ 4_S4 j allowable ^gjljj_lo 


203 


www.pertwk.com 



















J .-ijjAZ j ‘j'■ ■ AA. \j |£<Lj | j £ |,| *j la. ^'‘Kj t 4 tjA. 

j-^j^j-lj£ j (laxative) dj4_£Jljdj d*j4_S (J__»jjJl£) (I) *j—ua. 
<(<t_alj.£ 0.6 jljJJJ tJj tîjjJ Jipjjj<£) CuJjI£4j (chologogue) 
Cu>jjj*j (II) öj-u*. (^dJjjl^ ^yijjj Jjj (JöjIjz^ Ij^.jjIS<U 

djj £ ‘,*jj <«« d*j (corrosive sublimate) j ^ '** A *jj a.lj 

ju»J<L& »jjj£.lJ j»lj_£ 0.02 <U j.jL»j <jjL) C»jJjL£<l (disimfectant) 

j I Îjj j» SLuj^ j4_£4j 4_»lj<l£ . ( JjSjS jSJ_Ajj Jt41 4 jjaj 

j Lui L> j _yjj jj l£<t_> *j a. jjj 1 £<i_1j j L d i > l£ . j_> (jj-^4 1 ^ L£ L 

(^jlj—*»j (j-dûj>» lj<*~i <aj<tjl j) <7n jL£djidJ jCujW (_ 5 jlj<t-j»<tj 

■cjjjti jj>j 

j a, J * Q < <<<> <?> : j<t_iL<G ■> j ■ ~»- 4 ■ jjj-> jj Ij—AJj ‘iKjM ■ ■■ ■*■ 

j<t_j .»J<tjL jij j j jj <C ■ ■ ■ j jlCajj d 11 ) jlj.a£J jli<tJ jJj.£ ^yjljilS 

. jJ<öl JJJJ jpyji <t~» III ijjj *•■ ■■A,» (Jj|j_ûdj *j <-«- ^_ij»£.<L» (J<t.x*»<t£ 

(^Jj<t_Cj<LC <»j<Ljj jj i7» i jjlJ_»j 'i Ls* (jjjJ<Li.<L£ djIjli<b (_£dJ<t£ 

l£ l ? > ^HtJ^ erd (j>jjj<Lijjd ^yjli^i^xLajO ^jjj (j£<l-»öjIj^<l» 

gjA<t_» ,j—ilj j—< j«L ( jl , < » lj__oj<t£ (^jloj<t_£<U (jLjiji. jj»j<t__£ 
. jj»jj Jj (jjjj**» ^jjjlj_j. Jj_j. L o■“ ia. ^_»jd. d<L»4>j »<"» 
■ *jtj<t_£ Ojja. (jjL£<t_»jj»a. ^A<t I jn o ^yil£<t_Ljj£. ^O.jjJjjj 

djOjdjdjjjj (j_u»<U jLi <Li_a. JJ (jj»—o (j<tj Ijj ja. j<t_j d_»j l£ ^24 j 
0»-a ^yjLS^t—ijjji. j<t_£*j (jj-jjj (^jjjj—i (jjlj_a*j öjjj 
dj4j Lj L£ajj4___»j» 'j-t. I * j- ■"■ << <*».*.J (jj>4 . *<l U» Ij4j 

■ dj<tjjjjjj li»J 

Ij4_j (JJXJ3 (^jjLuja (j JjI j^£ jLi <öjj jj dii <J»L <LajL j4.£<L 

(j J iJjj (jdjljr\_£ j4__£<tJ . (Jj-_C»jj öJIJ jj o ‘*<» 4j Ij \ \ 

L^jdAi*- 14 ‘ L i'uu J (j-““» Ly^ 4 ^-^ u'-i (ijj_^Ljj 

j-j O-Jj j£*J 4 —£<L»û>jJlAjLa <t_»lJjJ 4 ■■■<) OJj4—>*Jj*J Jj_» Ij4_j 
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■ jjjdj jjj jLjjL£ sjj__u£ jj »» j’-■ _» jj (£4 £j < 0 ljjl£<U 4 jLjljjl£ j<L 

»j-f> . jjjjjAdj j LL l£a ,.tj “i£ jj<U jjj jL£ljjl£ (jjj-ja. -(£jjj 4 -J 

. 4 _ijj-ûsj Jjj ^ ■"■■» <4 ■* i4 A J j L£4 J ‘j AVj Aj j a t jj Lji._ 1 4 £ »£4 » 

JJJ» 4 _A j—löJ ,-■ ■< .".A » Aj (^£jj_ij (^oj 4 _£ d—kj l£ »dj<Ljj<L»<t.J 
(_y 3 <t_j<tj ^yj LjjJij 1 £<Lj 4 j jjjj<t_j 4 dj<t_jjj£jj£ (jJ L»jjj 4 -J <t-£dj-ua. 


(_yJ4_)4j (jjjj4_» 4 _£i>J j-a. ^yjL£<t_»jJj) 4—jjLajjjjj ajIj££L j ■ ■■ ■< 

j »>J 4—£ajia. (j<t_il jLa <Uj£ aj 4_»jJj J<t_i (j * <j» jjaJ »j4£<Luj 

(_^ljiL£ 4 £<L,jjjL (^jj jjl£ ■ jjj-£j (jj»j£ jI»ê (III) jj»ulj (jjjjjl£<tj 


A j ia. (jjl£<t_-jj-i. *jj<t_a.j<L6 (_g4 <<t * ‘j<- j_i (jjj_£aj 4—£aj »->. 

jjj djfl>J*j»Jjjj (jjj»<U jL ‘L..‘-SJ<'■£ ^^4 j jrL (Volatile) jjj<LaJ<LÊ 

^•.f» . Aljd I (Jjjj4_j < Aj ■-». j.Kd ■ ‘J-L- t|j,_0*j4j (J 4 _£<U . jj—Êdj 


öj—ua. ‘»l<4 . .j-L- j j—i. . j »J ’■ ■ AA, 'j l<d_I lj»|£ 1 M )jj J ‘4 < <al~ 

) »j 4 i ) >jjj liaj 


. O—»j£*J j_> (j£_Ujl£ djjAj j<t£<U öj-i»a. (jjjji jLa d<L> j£<iujj. 

^yjjiudij Ojj£jj (I) *j-ua. (Jjjuu£jj ,_y£.ji (jjöjLs ( _y£<tjj j'» öji 

(_y£<DjjjjCuj tOL£aj d_jJjl£ d »"»“ j4_£<U aj»-w (jj_uijL a <jl jjJ 
(j j_»jj (jöjljrt£ j<t£<tj .o uoj o<i)jjJ (II) A j »a (jj_uji£jj (j JjJj 
<£jf A U L -' 4 4 -i'jj J jl-i 

jil—jj j4—£4 j »Oj—Ö jiöj Jjj-uu (jaj—ua. (Jj_»jjj Ij4_j dj»j_ua. 
<t£ö jjjjjj 0 jjj_Cuj Ij<t_j dJ<t£djljr£ jL <lLj£j (jj 1 <« Ljj ^jjjjj 
Cj_*j»JjJ öj-ua. (jjjJli (^4-UJji. ^y^iûj jjJ L y£<L)djljr£ »j<OjjjdJ 


J<t_£<tj jjjkaj ajjö j4j »j, -.a. ^_yj l£<tjjj£.<£ »j4jjj£j jru Ij jjL 

jjlJ _ u (j A J *~»- (J<t _JJ jL<£ *j 4 _'».'j< »afî (_y £4 _)J jj dj£<t_I 

• CUJJ jjJJ (Jjlj-Aöj (J-Ojjj (_Jj£j ÖJ<Lu-uöJ4j 
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.a.'.'IjI" <GLu<jj3 IjjLS j»4_i j_yjl£<ûjjL>< lS jjjdJ Ij_>4_i 

j4 '*** * "'Jj ' 4 ^ A j A j A '***j ^ * l^ j * * * jj4—£4J * ~*- 

4_j_ljL "I (]< * ‘ j j j |i_>jj4j 4J4£) 4jI'■ *~JJ 1 j4j I J_> La-jdjdJ 

Ajj* v a j t j jjjtij4A j L_>j^ jj 1^4 * J * ^ (j<> 4 ljil£ 4^1-44. J j j 
IJ4 jLjj. jlj4_) j LS*jl Jj.S *J_j_>j jlj—j> ^4_^4_u4j ‘jjAi 4 ■ -ij L> 

q< v * j öj_jjj4J jl__j (Vandium) (V) ^jjjLjlî . j-u^. 4-1 <_!__>!> 

Ij < >>!<< I . CjLdsJ j l^4_>jjj>4j 4_Jûjj < . ljl < ^j jjj j JJ_~ ■.' * lj< 

jl j^j"> J jJJ-ji. ^l^djjj—uu 4—Sjji. jl_j> 4lj_a.dJ (VI) j*Ju-£ 

. j * *^ .*.*. a. > 

J—<i«u jlj4_l t jl^4—<_£jjJL_J jL_i jyil—Sljill 4__iJjlj 

IJ4 iljl jj4j j4_J j& j4. L>jjl jZtJ Oj4 *» ‘j-L ,j j-î>d > I JjJjJJ jjj 

j"j.AJ 4 ^ J_j4j 4 > I Jjj (^l J (^4_)4jjj£ J Jdî. I_J 4_JJ J l_>dd Oj*L±iOjj& 

j4_A 4_£ 4_il J gij4_uu (_gl . C>L£>J ■**■ ■ ■■ Jj J 4_i Ljj Ij j4 j J)4_S4j 

j_> 4j4 " .. ■ j< I . . ." jjOjOCi j_> ûL^ftJ J*)4 < «j4j cIjjI jj>4j d4_>ljjl£ 

Ijil 3 o i Vt ,yi.ja4.J jfkjjjU jfjLiLiji jjJûjSjJ^ :4j>jjjjj 

tdj4 " v . .A 'j< I >*.i<41. a. jjÊaJ aj >dj4_jj*jj£ (bone marrow) 

t,juLj£i4_>4J ? jj_£ j(thyroid gland) J_>jj.jl_j (^iijj4_l jud>j4j 

. »j4jj»J Ijiji^J djjj J jjj j ld 
,JjL> jij4j4l Jj4djJJ jj I J4_iLalji4j j4j jlSljitl .4j jjj4dj*J 
j_> 4>jjl_>j ^_>L__uL> (J4j__>j4j |j4_iLolji4j j4_J jLöj_>j tlJ jjLuiIj 
jli4 I 4 ■"■ . »4 a l 'f I ■ .1 ^yijjdJÖJ_ijj4J 4 J »->- jCtj—jj >4 i JJLLi 

■ Ojjj I jilj^jp < UJj4j (3_jj jBjjB lj£lil^4j Ojjj I ji l<4 I .-^ Jj< 

^4 <4 . .j . a j lj> j4_oj 4_j H 4 J 4-jLaJj (JJ-Jjj4j dLjajk .jj ^yjjjjt>4j 

4j_j 4j4j 4 j 4 -j (III) ^j_jj4j ^*.i<4 " v .jL ,4._i jjal j_> .(Valence) 

(V) £fij4j jj jjJjJ>4j (V) £jjj»j (jjli4jjjlj4j Jjljj 

4j4jlj4 . .4 . t(111) jcj_jj4j jj 4j4_I_>ji4J (J |jj4j4J_jjj ^j—ûûdJdJ 
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4 . ... I .... . jJOj\JL& (J4 <4 I 4_i4j_> jd_> j4 J 4 JjJ . ( J^J ' A j Ls d4.J (jUU 
(JdU_ S (ji I 'j*.j S . Cl L_£ 4 J Çi ...I Jj J ‘"‘4 . > (j *» » ■"■ < . < *■ Aj 

j4_ £_LIj j4j4_ iiijLi. j(emetic) jj_fl-^-'o** d4j Ijj^ _uujj4J 

4_l j_>lj (jjj_o (jilJj^j-S ,jjLaj4J 4jjj .(jjjju64Jjl£4_> (Cauterant) 

.^jjL,j^0.5 

( jV <7 ij£ j-> jyj^-IijL <^jjj4j t4jljuulj jjj (^JjA^j juij4j 

J—i ji jjj^—; (_^jlj—44j jjj *ijtf >4jjl£4—j (rodent) jl^4j4—jjjj£ 

t4__>ljj4^4j jyiHdUj—uuLa (yijj_J jljV jjl ij ( j < < )4 j 4A t^jjj4j4__j 
jjj_a Jj ^ ->j!4ji Ij4j t j_> jjj <jjji.4J ^4jjjj4j 4jjj j4j djjli 
IJ lJ4j4__uu4j j_J4J ^Cjjj4j4_J jjj_i (jjjJ-J (_£jljA4j4—I . C>|J4J JJj 
(_5jlj (_J4 jIjaS j4^4i .4j4 lj < n jJ ji4jG <jjjuiu 4£4jjJ»i,jJ <J4J4^ 

d4 j4J| jLj I j4 j <jjj j 4^4 jjj <î< jjj4j (magnesia) l_> <_ujj^4j 

■iJJÇ (jJ*J (jiL (^Jj4jdÎ4ajL> 

(_Jjlj_44j 4_jjj juij4j j^4j (» j4j 4_ujIjJ>4j ^^jljjlS jiCjjÎjjZ 

(Jp4_>Lk.jjjJ ( j’s jl . V ijjuj (^^J^JJ, (j^4J4 jj < » 4 j j>-*ûjJjjJ4j jjJJ 

(jj jj_j (jjlj_ 4>4j (^i 1£4 jjIj4j4_ uj 4il_tîiji t4_ j4J> (chronic) 

(alloys) '*l<4 « IJIjlJ (Jj <■' I 4__l4jl.a J< i **l ...<>< j4__l j4_>l^jjjj 

t j4_^4J j L£ I jiH4il_i_> L^.4_l (j4_il j4j 4_ijjjj jj t j4_^4J jûjjîjja 
j4 < <<4J (_y ■"■ >-a4jJ44. (_y < * I . a ^ijjj ■"* ■ "jj ' j j I ■**’ * * d< << I j4jLa4j 
4jlj-a.4^ ^jîijSjjS (y£4_>4jijL t4_ilJ gij4_uu (^iLLÎ, .djj (JjljjJ 

.(4jL>4_ui (_yjjjj4 >) 4j4_J JJJ4J jLi 4 " ■ j <a.> 4 a <7> jSjjS (y I *~4 J 

j>-<-j3jj3 L y£‘4»‘CiijL (j-lijjj (^4_JjljA4j4j jjjJuîijji (jil^^J 
4^4 jjj ■"■ JJ**‘ j—>4J t j_>4J I J_j4j4j (J4_ljjjj j 4J4_£ (_yjjjlj l >7>4j 
4 -jÎijJ ja4_J 4iij_a. (jJJjO.) (^J-Ij^j-S (^-uiijj (jdjjj (^4_>4jljr^ 
(yjljj^j-S (J4jlj_i j»4_S (^^—l^IjjL j_> 0-jjj^4J 4_S4jjiijSjjS 
*J*j4-l jH4_uujj9 IjiLd (jjH^jjjL (Jjlj-4>4j (Jj4^_>jH .juûjSjjJ 
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'~ d i _jL-j <i jIjjj jL_ijji£ _jljdjj j4 j d »"i< 

■ *1j iaj . .~,j ■ jljdjjl_> J (£4 _>OJJLo duj j«l * J4—S4J .*J*j*jJJ_1 j j 

C>-J-ujjJ <d»j jjJ jjj&jÛLi jj -LS —jJjjLS J-j4j 4£ j4_£dJ d_iJjLS 

jjdJ O—jjjJ CCl'aj Cl' jjjjLS ^Jjjj-ld Ojl_j-a.4_l 4_jjj^j Jj (jjj 

Jj j j4-doJ d jJj(£ j Ld Jjj. j La 0 j_j4_^ 4 <~ijJ (J4_^4J 4—j Uoj j<Lj 
dLdjlS I j. ^ j . jj <4 i j" * *i* _j j4_£oJ ■"* . ■ ■ jj > j_i j_j j__> 
**** ‘“Jj'* j^ jjJ—iLê (jg J * ■ .ICj ijCjAj I J_o Lo_>4j 4J j4_£dJ 

Jljj ^yj l£4jj_j4_a. J—ojjj jl_j£i. jgjjöJ4_l (ji.4jL>j^ijO_j j»4_j - j-JöJ 

4—iLj. (_£jl_j_> J JI_i (_yj1^4-0j_j4__a. 4 1 T 1 J.J (_yj4 _ut.j4_> jj_d_JûöJ 

jöl-jj »_?4j£lj_j_jj <_£jA4j (OjjijjjJL^ ( jiu-% .4 li LlJ (£j4^Jjl£ 
i-(phosgen) j *y .. iji j-t {jjjS *J 4_S4_ajJjjjJlS ^Lijjj 4£j_j_a. 
j4_4 COCl 2 4 SVl jjjlj ( J*îj « » jj (JJ_>jjl£ jh j . . . Iji 

(J4—&U lj_>d. _j4j^îLuu 4_>L>I u iS J~. I*.i-v ■ -.ja tdU -~j" ,_£ J_>j_J-ld 

. O IdöJ dUJjl£ 4jld. (_^jj jj LS*Jj4d j j-.jjjj 
<_£dJ|—o Jj4__ijjj j4 iJ*i Lojj4l ^yjjjjjj jjJ_> U jjji4_J 

• O-JjjjuS*JjIS4_> jl<J >_loI jj4j 4_J_>jlj jjjj^OJ Loli j_i (J_> (j»j4_ui 
IJ411... 4 ** *jiI * j»4Û <jjL>J Ajl<J . ^yj 1^411 j4_^4j .OjAOj jjj j_>jj4_j 


Û_»? (_5jlj-Adj Ij4_j (jjr^4j_jl_a. j4_>j4j Ly j4j’5f4-_u ,_yjlj4j jyjLoûij 
f>4_S j \£&jjj-iji 4_SJja. (_£OjLojtI d!4_i_j_jj (^jlj-Êdj j»4_) .Ol JOJjjj 
uiljjd j(jj Ij•*- d ~ i >I '*■ ij4. 4__1 j- *j i<j - ■ a *; ,,,L> j*j d ijaJ 

IJ_IJ (_yj 1^4_iJjJj 4_olji4iJ£ jjL_odJ 4_olji4iJ£ 4_I jl_ ^.j4j 

4^»_j_jj— d.j_jj j— jöJ IjjjLîJ j4—u> ^jljj^l—jji 4—I .OIjûJjjj 
( ji»j4__i <^I_jJ ‘IjjijJ-j IJjli4_J <_y£VL_a. (_jj_jJ4_jj. ^yj^JöjL-uujr^ 

■ d 4 4 4 4 

(petrol) (Jjjj4__> 4 >4^ j Idi—ijjjId jj JjIj j -’i'. S.J.J j4 <4j 

jjji4_j 4_l j L> (j-jjj-AOj I_j4_j (jj^Jdlj_jlj4_> joji4-> J)4_^4J öjlju-uLi 
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jj-AOj jlJjj4_j <_jjjJjL j> (_^jL 4_I<S j»j_>JLil3 _j<»_jj._£ (_yiLS4_jjjli 

tö J4._ij4.j4j . jrt_i j_AOj jLljLSj_ojj 4__Ljjju &j Ll> 4_J _>j L> I ' < »~ l<d I 

LS-*L-ojjS 4—il jjJ 4__ijjjj j__> -j»JJ^4_J jjj—> (jjlj-jioj (_yJ t^4—I 

jl£4_ ujjjj Oj4_<!««■<) (Potassiam dichromate) <»jj_u>Gjj 

jÛOJ jj d-jJjÊjÊ u-djJ JjijjL-uuljjj (_yjl_ojjS 4-jljJ J (_£jÎÎ4_£jj 

(jjjj-^Jj 1^4 > dl««jj< * -ii 1 ** (_y juj * 4—jl j jt .7. L (j *« j Jj t<4 « j- ."■ 

:Oj j4doJj*J IjojOjI jj. <_£ o_j4iJ j^jJG <»4j <_£4£4jjA 

J jd. I > dtjjjj^ . ..4 j (_y_OjJ d jjjj jd > Jjdjd idUjj d-jjjjj 

i_yj L_ojj£ 4 i Ijj J (_^o_jlIjrud o j L_i j L_i Qj4 < * C jrLot j-tfl < ««<* a. 

O-JjjdoJ j»j 1 < .1 L> jj (_yj Ljj jjS 4_ilJJ J (_^4_^OJjOj 4djOj 4 j»jjddU L> jj 
0^4 j lioJ (j 4_^4j lojjd 4-jIJJ J d ««j_j< *»4 & * (yûijJ < ■ j >■ jj4 ... J-> 

•4jjj 4£ (III) j»jj£ (_£4 jj_jIj jj 
OjJOj j I <J jj I Jj4j L OjAOj4j jjJ Ll j jjj j 1^4-JJ-o IJi4j OjUOj 
4_J4d (alkaloids) j Kj "q~ *> -«.««*■ :o_j4_ij^o j 4_iL o4j jl£4__ul ji4i 

jrt u _jjj jStrychninc jûdjjt u. j So_j) j}j '****■** 'jOJ do_ j_jj 

l$ 4 *>_> ji j(4d_«ij_j_jJ _jjl_o (^j-A*j) j Ldöjjîioj 4_jjj jjj _j(brucine 
IjjilLo _j jl£4_uLjjjd 4 ^ i3L>4_)4d (_^4_il_Lol jj4i Oj4j_j_jj _j4j _j_jj4ub 
4_>l Jjj jLljjJd (_^4Ûlj4jj_jj _j4_l **l «<«< * (_yjjj-aJ4A . j *j*■ ■ *«. jl<4 ■ 


j.^Li _j(_^j_j4_a. <^4J4 j ^yiJjjV jj) jjjjl-d L^di-JjjJd »jl>a. _J-S*_j 

ji.Li_u.ii) (Chloroform) ^jj_îjjjJL£ _j( jjjölAoJ jLS 4_> o_j4_j jilj_j£ 
O ■ •■ _JJJ j PVC 4d) JjjjtS (^JjjjJd _j(£^j** > **».' jl<J * I ' *< . " ‘j '4 I 

Lfi “*<?* (jl ~ i j‘ l j_j 4— il_j_jJ j({$j—£oJ 

(_y_û> (_£j_j4-^. _j JJ (_yjl^4ÛluiJ ‘«l « < *~ (_^j-A 4 JJJQJ (4 ..<*"■ -M . 

_j(astrophy) t yj»_j4d> I5i_jj _j(Cirrhosis) j4_^a. (^uj4j_jlo _jo_j4J>_j> 

. j U4j_iJj tj O-jjj w *‘ dûl_j *-~ 
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ö j 4 SjjLodJ«U (electric impulse) _>*jl£ ^4 jjj jj j. 

(jjjöJ jl£4_ulmS ljL_£ I Jöj—jJ V*j4_j_ijjljiöJ j_j ^ e ' ' e ' A *j * 

. jjjjdJ jL»>i. 

CtJjJ jöJ—ijj Oj4_S»J d4_jj4j lj_jj ^yjUdjLadJ4_£ (J4_J Li. j4_j 

Cjjjj jjj_tjj 4 ^) (impulse) 4 _jjj ^ 4 _^ 4 j JLjjIS .(Synapse) 4 ^“ 4 ^ 
(jiij-j) I J 4 _jLj. *jL_adJ (J 4 _^ 4 j 4 j (action potential) jV. i t Mj 4 __j 
4 ilL. 4 jLo»J j 4 j Ijjjj 4 ^ dLliLi. 4 j [Ê &j jl jj*j (presynaplic 4 ^“ 4 ^ 
.Çj v i uujj»j (postsynaptic 4 _^i_> 4 ^ jilj) 0 j 4 _ilj. »jU»j jjj j 4 j 
( acetyl choline) jUj_S Jjj <« 4 j jjJaj ^yjj 4 _S C) 4 _u(j ^ 4 j»jjL 

j’ - t ^4__jU»jL»J) A j4 V I 4 »jl__ft»J *4 .4 I 

.(£j 4 _jdJ jöj (Synapse) 4 _^i_> 4 ^ j_ j *j(prcsynaptic 

4 ^ *» »4 ^ (jii l_> (j4i Lj. »jl_ 0 *J) 4_ilj. ÖJLoöJ ^djjJ 4j jl£ 4<d V . Ij< 

^yjjj ^ 4 j 4 jjj »jUj ^j^jj-jijjJ jjU jOLSdJ (postsynaptic 

(jJI^4 I jl Jjj jLo4jÊ . *j4jjjjl jSaJ jj ^<4 .dVI4. J*4< OljdJ IjJJ 
j 4 \ . Cjl JS J JJJ A j 4 <lj uLa4j 4 V I 4. Aj I /. A. ' M ."JjV A j 4 < ■ I 

(jjlj* »~>-4 I jljj_S .Cjjj 4 >*Jj*J 4_iU.4jLo»J4j j;4 ■ Ij< J-v ■ ..4 C > 

4_iljjS J4_i (jljJ j.**»l<A >V i_ujjJ jLj4_iLj. 4jJj 1 »Lo jl_j ^jj4 i 

O_jjjj jj__S 4<d< ij_i_uLo jIj»jJ4Aj 4_u< (impulse) d4_ j4jjj 

. . .jjJ ^IjöJj^-j^j jjJj__£ J jl . . . 4 i .(contracts) 

J I ' ^4__j lj»J L»J < Ij * .■ I A 4 I 4 * yj »jl__0»J 

. Cil Jli (postsynaptic) 

j idJ . lj__oLaj4j j;4<d ,\d < j4__a jrvjj_£ J i'i . n4j 

ji4-uLi < « A jj*‘4 j j A4 i 4S4 *i 1 I j^ J i*i, ,.4j .(Jj4j_i ^yjJjjjL 4 J 

j 4 _i M“< -' a '< ‘V (cholinestarase) jjoJCuu jdj£ Cjjjjjöjjjj 4 £ 

j j j ‘ ' |J4 <4 *» »I j< Jjjj._J.4i j4 < ii4j »j4j jj » » ■"• 4>jj ji_oj jd j_j 
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4j jjj4j j4i jjJ (J^4j*jUjj i*l)S4 I j4^4i I JjuJa j4j J4^4j . 4>j\j4^ 

Jjjj4_> .ClLtJ (Jj LoöJ 4_olji4jj£ 4_J j Ijl j4j v •» < » ) ] »jl<4 » (patrol) 
(jjjj^4 iVi 4 <j ^JJIJ (j-aI Jj4j j^j4,., 4 jI£»J a i V .7.j< ^<4 * ,jj< »jl< 

4jlj. jL»j j>jIJ j Lj I~i ,,.1 i .(pregnancy) I jjjj dLu. (j*jl-a4J 4j4_>jj£ 
jli4_» (nervous impulse 4 _>jj e> jl_adj jj-a. j a jj *" jj ' jj-a. 

. »j4jjjjlj^»J I jiUdjLj. 

(galvani) ^il—SJLS n jjj ^Lilj .1 j _o4J>»jj4J> ,j*j4_ u> 4 _ I 

LjOjlS (jJA .**' »Jj (Jj4 < »j*< J »j4 I f j *<4 < *J . .. * » 4 < Ç. ...» »jA' 

^l—jjjj ^yjl—ilj j__jIjJ .(contract) jjdJjj__S > jlia>jU»Jjli 4 __> 
Lyj^ 4 -Jjj OjUoöJ (_ 5 dj 4 _ijjj ji*—> tr _j|j.ja. jUj-a johtf ) (jjLaJ 4 _i 
4 _S«j 4 ijjjji*j l# _>Ij.jlî. jl j_>j IjiLSö jLadJ jL> 4_> (nervous impulse) 
4 - 04 ^ »jj 0 j 4 j 4 —ljljjj. ^ 4 j jLojSjj i jj_> 4 Sj,js./jj 4 _o( 30 ) jjjjj 

4_>jj OjLadJ jjJdJ 4j C>Jjj-iJJ ,_£4j Lajjj j4j (Jjrt^ *î iV’i > jjljj L>4j 
^< »IjI < dj J_i4_4> C>j4_£j»J A jja-o4-» . 4_>j Löjl£ ^<4 ,jjj 4 j * »*»4 V 



. jcSöJjjl Jjji4j I Jo j4 *»V...*j< 4jjj (JjLoJJ (Jjl Jj£ 4j »!»«»< 
jjJ j4_^4j i4_>4A Mj 4 -^ lS>*Lj j_Söj jjJ_ijj (j4_jLL 

Öj4-S4j4iU (JöjöjdJ jöjdj I-i <_£JJJ4-J djj —jj 

jjJ 4 __» (glvanometer) djjjo_ ojiLLl^ * y *»»‘» j jjj 

dj 4 __i ^jl jl l^. 4 < Aj 14 »J*» * o *4 < I j 4 _i .”» »J ~»- » a j 4 < a j 4 uu 4 a 

(rest jLj ■•■ a j Mj 4 __i jjJoj » v »» 4 < (oj 4 _i_ijjjL.öj) CilJojjL ■ ™ »*» 

o *•y *»4 *» 41 ,i i dûji 4 a,j 4 * ^4 <j v ^4 >jj 0 jI_ojj .potential) 

(^jljjL^j jj_>öJ I jj 4 j .ptcntial difference d j 4 j ^jljU. (jiljj^ 

i ^j »j J jl__£» jL»J »jj4_^Jj4J aj 4 t »jj »j<a. i 1 JjL jQJ4 » 
A j4 <4 »4 . j L_So jloOJ Ij *»*“*îa< j4 J (j l__j. >4 >4_4> j L_> jlj£_>jL J 

. jJbLU^JdJ 
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jj—8jJ)K tI jj Ij_£jal£<il <fljjA4_> jjj ^<<1 lajjljUî u _ 

(jS. * j.. j j -«j /' (< l_o (_^4 ^4 * * * <j aaj (Tnchlorfon) 

ajl ^jdj/Jiflj bromophos 

jjd/Luj jpdj^ jdj.j.ij.v' '» >j ^_lÎi<L| j Li 4*> V >^3J djjutdj djjl£ 

Jjj *« «Ij < J .~ ■ . .,d‘w>< 4_>d j<Lj (_£ l_jLa (Jjjj j<L_> '_j*« V «< uifl '< v .~ 
(J_j|>i. Jjj jjja.jJjjl—1 (^S^—Jj^^jjIS< lS tdj<L_jjjdJjS IJ—ci«U<Ll 
jyjjj—£/£ J jjj— L yJ' ~> < » «tj ^£0/4-jj^Jjjj j—Sûj <4—J<L4> 

. j I £4 S Ijjuu La 

jj_9jjJd_>ljj j4.—«JJ<U ^yj^Ljjjjjj ( _ y £<L_Jflj4iJ/£j3lj (jjjlj-didJ 
(j_ jjj) (jjj_ utuL 4 _>_>j j_4>aj d4 _ jöjjI jG<d (trichlorfon) 

«llt ... «J< J,j4_,(jjj_£j jöjj 4_> ■•• ‘«K<< «»!»*« «j 

jl_j (^l—a. ( ^js__a.j4^ J_j j—I jj 4__> J j(jS 1 4 t <Ll jj—_9jjJdj Ijj 
j «*« J Jj >~i I<i4j l_i. __y£. V Vj<l£ JLjjiIj jöJ 4._jjjjj IJ <jaI Jj4 « 
|jj4_u«L> (^jjj jj_jj (j JjjjdjjJj (_£> Jj (]< IJ j (jJj Ij^£ Ll. __y£.a_j<ld 

(_yj4 _ 0<L> J_ £j£jfl/ tlj _ o<d (jd_d4 _ Jjd. jj4 _ ,L (j* jLad _ I . 4 _ £j 

j_, l_şdjj jjj-J (^Jjjj—Ji j—) jjj-SöJ jj|jJ4_S (jj<L_SöJjdJ 

.(_PtS4jj.J 

jjjlj-^ (/J4 *>j9 tj (j-iûjLj j<Ljji<U Öj4_jJjijJG jjj (_y^4—>djLaj 
L£j4-^Jjl£<t£ (_j4_11jjIjjjS <LjjjL> j4_J> (jöj4_jjjjj j—> (jî<jj4—j 

*j<Lijljjjj *jjIj d<L>*jpvjjj :<l> jjûjj . jlitfiLi jLSajlijLu. öjjidj 

^jjljdxLi (_gj ji m ji (_gjjî>dj<L_> jlj_d dt-ş^li (_jj->öjL_uu jpJj£«_S 

j4_j . (reactivate) * j4_j<d*j d^M_a. d jLjjjJ t(Organophosphorus) 

(_gjjS>4_> j(antidotc) j_ <s>öj ajj Cjjjjj»j_ILljj <l_ il_i_>tin >£ <t__j,ijli 
(_ya_>j4—ui (j-J*J • djdj»j»J—jjj u >" >4-1 jl—i 4—jjjSdJ jlj_jJ L^jj*J 
(_£-)—mJ<Lbj<L> dll JdJ (Jj4_<b 4^4jj) > uijjj JjJJJJ—i->j -<jjJ-l jSidj4_J 
(_^ 4 > *jlt Jjj 4 < S J S J p« «*« «J (jSl<L>—u«L><La (h<L_J J « -ûLil 4 <AjAVj 

(_yj| j_oLjj<C> jj (ji-LaaJjt^4 « jpvş_jjdji j(Ljji<d> jjljj£VL^. *ji_>j 
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V Ljl. «»« *« ■ j (_^4_> 4 jjj L (choline) jd jd . j^Jjd j_> Ci—>jj£j »j 

■ ûjl J 

jjj (_gjl—£11 IJ4 Jjj 4>jl_aJJ (_^Jj4 *«*« ■ ..lj<<> I djj jiIj ■ ■" J<L_A 

(_^JJJL_o jjj (_£jjb4 > (jSi4jtijjlj l <7i j4—1 .ö j4—j_>j4£&JjJ __j. >Ijd. 

j 4 _i (curare) jljj-£ (_jj— 4 >*j 4 _ij_$jj j_> > jdJdjjjj »j<l_jj Lloj£ 

jpdj__£ (Jjjj ui4j j__> jjl«" ...< *<< j l£<Ld> ld.öj LaöJ (_£<L_il jiö j ti 
jljj_£ (_^£d_j_jj 4 _J (extract) (_j 4 —£jjti j<l_1 öj<l_ 1 j<l> 4 J . j-uiijjdJl j 
( paralysis) ^Jjjj (_gj * 4 jjj*j j<< ui£<l> (jj '«'.*>,> jt ,j 

öjJ<L4> jIjj)£ 4 I jl_jil£»JL> (jiJjj> jj_CiL (_^1£_>jj<Lj ‘«Kj Ijj «a) 
j 1 £«jjJ>4—> 4_jjj I «*«4 «4 < Cujjj (jSi*j4—i (j3Uj4 < ii j >JJ . ( I i*i*i 1 £ 

(alkaloid) d jjjj 4 .<>jj<i ^.j<ut> aj 4 jjjjl jÊoj Ij £jj<t£ 4 J 

(4__£j£djjj (_£j—4>dj) (Strychnine) jpû£jjL-ui O-ûjljdJ ( jjK £ 
4 *«« N ) (jSujLSaj jV 4jjj<t£ CldsJ jL> jl j «*<«<>< (jgj 1 ««...<> a 

• 4£J_^uiLo 

c j4_£dJ jjdjLui jpdj£4—l jL£ c j<L_4 ‘I u «< (_^4_JJjtl djJ_j<LA 
jt£<L>Jjjj> Iiiji 4—Loljj<tJ <Ljj j L> . jjjj <L_iLLl j L j4_l tf *t-4 >J4jjj 
0 jljLu<L> (_^3j4_jjjjl£ (_^<l_L>j<lS<l j4 ...<<> 1 <t£djja_uijj i > *« 1 ««**«4< 

jjjtjj jdj-£ (3jjJj S~i m jjJ jjjjl_£ (_J4-L>Jj<t£ (j<t£<d (_Jji<L> 4 jIj) 
j ' JIJ * j4 *« I «< « j**-4 *« I « «jlt <>_> j4—^ioj .»1VI ^ )*. 

Soman jl—ojj j(isopropylmcthylphosphonofluoridatc)Sarin 
j_^j|_j j( 1,2,2-trimcthy lpropyl methyl phosphono fluoridate 
j_£ö j (_^il£fl>j4_£a>j3 j(dimcthylphosphono amido cyanidic acid) 

jj _sj jL£jl jj j(parathion) jj_ jI_jIjL_j (Thiphos) jjj_sjjl_ j 

mercaptophos (jjjijjj <l£ jlo j(diprctcs (jjjjjjjlJ) Trichlorfon 

j4_u<d jl£flj4__£j3 (_£j4_£_>jt£ ojj<L_3.j<L4> .(demeton jj— jjjjj) 

(Warm- blooded) j l£4_oj<t£<ijjjd. j4ju«d j_£*j fljj L_>j j L£jj_u 
thiophos (jjj ijj I j . jj__4fl>j j «>9jj—o j > j Ll£j j j<L4> (_j ^<t£ 
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Absorption 


Acacia 

i£j |J 

Acetylene 

jrULjJJuu>4j 

Acetaldehyde 

Jj 11| * L \J Qjllu4j 

Acetylcholine 

jrJj^ J >*i >hi4j 

Accumulate 

jjdJ 4&4J4& jb j4jJJ»jj£ 

Acrolein 

jUjj£4j 
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( _ j _u4_i!>j4j jj jiLi jj jjj li> ^_lI l A l^t ^< ■ IjI< j’itl 

jja<i-t> .djdjdJ <CîljJ u_>jj (j-û>4j4j ^ylljJJ jjIjJ4£ fJjjSLi jijAOj 

jL»«l_JjJj .6j6j6J 4—jjjJdJjjj jd_JÖJ—Ijj j < ~ «U<U _j_jj jL_SdjAdj 

d ~. ij. 'A ' .jal ' Ad< ^y^jjjjjj—jId jL_l **l »<<i Ij-U >~“i (_£d_jLa<t_l 

Cj4_j U<U Jl_> d_ljjj '*“i (_£d j La4_l jûijl_ j4_j I J ‘î l~l l^4j . *j*j*J 

4_>4Jb I j f_£»jj|__s . 4 _ j.IJ V -~»- . * jOjbJ 4_ jjjJJJjjj I J <<> * 

___ ui4 I J Li4 I jl_s. J__>4Jb (j j4__J 4__> JjJjG l_J <J * * tj AAj 
IJ Jj— .J j ij AVj jjj ^<J >JJjLa j 1 .. 4 < a j a j a >** *j 
j j i jj ljl_> j_j 4_uu jî jj Lj jjlm^jj jiij j4j öj4_L>_>_> J d4_>4j jjaj 


t>jt >jöj jjj 4 jj j4j j4j 4J j4 a jjjA4 j ^j_>^jjj4 j (paraoxon) 

■ jUlj IJ j ld Jjjî; Jj jja4 Jb j4 i ii4j jj I j_i Li <1... * nJ a j I<J i >'”'‘ *' 
Jj4j jja 4-A -ö jd (j ■ ^j4_jj^i. JJ_> 4_di jjj. j Lojj I J_l_l lj jjd 

Lfi 'rîJdd 4 *-f djj ij -? dJ jjj jj4) Jjjl^4-J IJ-ILa4j (_g4 M jjtaj 

(^Jjjl—o ^4-jljjjJ j<L-£ijjJû j4—J (jj-ij J)4_S4j jLlJj4^ j) ml 4-A 
j4—u>4j jl—j(j_Adj) (_£4— uij ijjjjj4—l j— JJJ 4—jljJJ jl—jjjjjiöj 

(^JUjAjI^ -J L?ljJ J)lj-j-a (^J- ujJJj4j 4-lj4^4j j(jj__u>^lj 

jjI jjjj&j l^4_> (^4dljjJJ j4_J jû_ui 4J jJ4J (^jljJ4j (^^4_>JJJ Lo 
tL Aj>?j^ , 4Jl^l.J d> as '— 4 d 4 —^ J4—S4J j4_^4j jJj j nii Ijjjj 4__> 
fcJJ ‘ jjj4_Sj*J jjj—i (_^jlj_4dj (_yjl£4j l n i j'i 


f J<A.".J~ (_^V 4 _jUL> d_uuj_> ija j4_j j7i l > .(jj_Sj UjL djlujj 
£IJj4_j gj-AJ ^yllj-JJ^j (jiiJj4_j »j4jjj *)j .i » jJ 4£öjjj_iiijjj j_>dJ 
Jj4_ûLaj ^*» »J * (jl_> J aÛ4 » jjJ 4_> 1 aû »*» 4^J jji i~i jjj4j jl j__> j_j. 
Aj^d 'J " 'Ji jr?^ l U <L -4 <j—f 4£öjjj_iiijjj j4_^4j .(jj_jj 

(Suspension) ^j jL_u>j^ 4 J d 4 jL_a. j< j 4 £ Jj * 1 _?■ 4 __>Ij jû_ii>L 

.(jJJjJJ Ijjli4j (_Jjlj^Vl^. (_5jjj4^. L$»jljjU 
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Amidopyrine 

jjj_i Lt j Jjl,j4j 

Amine 

jua4j 

Adenosine diphosphate 
(ADP) 

jrUdUjjjJdJ ^yjliudUjj 4 jIJ 

Adenosine triphosphate 

jujjjjj J4 j ^jJ liuuuji 4.jljjj< 

Analyst 

jILllu 

Analytical chemistry 

(^jlS-Ull (^t > <1 A 

Anethesin 

jrujUJjj4j 

Anode 

Jjj4j 

Antibiotic 

Uj^.JJ ÖjJ 

Antibonding 

jj<U Öj J 

Antibonding molecular 
orbitaL 

ji<U ÖjJ LLij jjj dJj4^ 

Antidote 

djJ 

Antipellagric 

djj 

Antipyrine 

G AjJ t jJjjL 

Artificial product 

Lt il«>J ^0^ifcj4j 

Artificial polymer 

JjiuLoOJ (_^j4js.jJjj 

Aqua regia 

jIjLÎi 

Ascorbic acid 

cLu jJ^j-u4j ^jjIijj 

Asparagine 

Ij4,.u iu4j 

Aspirin 

jjjj*j<L> 

Astrophy 

4>j«e> i£jj 


Acrylc acid 

djJL>j^4j ^ûjJ 

Action potential 

c£jj 

Activation energy 

(J 6 JJ 

Adenylic 


Admixture 

(JJI j4Û. . 4~i 1A 

Adrenaline 

jrvJ LlJj J4j 

Alanine 

jrûV4j 

Albumin 

jrujjj4j 

Alkaloid 


Allowable 

jUad 

Ammonium thiocyanate 

^Jjjjj4.j ^yj li LLJUJJ L> 
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Biological reducing agent 

^ J.V 

Biosynthesis 


Bonding orbital 

jijjjjjj *jjj.j 

Bonding molecular orbital 

^ jjtu LLujjj öJ 

Bone marrow 


Borax 

Na^B^Ov. ÎOH^O ^(jjj^ljjj 

Bright 

^j 1 J Lfjpj4& 

Bromelia 

IjJljlS jj.J 

Bromine water 

jlj 4-jjuJ ‘jJJjJ (_£jlj 

Brucine 

^IAj tlAAJJ . j^JJJ JJJ 

Burette 

djjilJ 

Calcination 

c<jb i^idUcjJ jLulI^ 

Cane sugar 

jIlLO Ld 

Carboxlic group 


Carbon monoxide 

j JJjlj Jjujj^jp 4.£tU 

Camphor 


Catalyst 


Catenane 

j ijjj 

Catechin 

j^-ûlj 

Cathode 



Asymmetric 

jujtjjjj4.j . lj j La lj 

Atom 

J.JL j jdS 

Atomic orbital 

^yJtOjjj^ (jilljJjjj 

Atomic level 

^j4Jb jJlluIj 

Aurin 

* »t 

Auxochrome 

u^j*j (^<U<uj£ 

Bauxite 

AI2O3 H2O Cu Luu^jj 

Barium chloride 


Barbamyl 

(Jj La4.jjL 

Barbituric acid 


Barbiturates 

j lj<LÎ ljj.>,~i. uj Ij 

Barrier 

û-> 

Beaker 

j<L^_u 

Benzene 

CeHfi jjjj<Lj 

Benzaldehyde 

jjtgjjJljj<ij 

Benzene Sulphonic acid 


Biochemist 

(_£jjjJJIJ tjljUjjS öjjjj 

jL>j (^Ijjj^ 

Biochemistry 

j L> j (_£ U.ljj . Ujj£ d jjjj 

Biology 


Biological process 

jl 
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Colloid chemistry 

Jta (j Ua-i£ 

Component 

jj^ 

Conical funnel 


Concentration 


Consume 


Contact 

jj jd.J 

Content 

d JjÖJ ^ 

Copolymer 

j<La_iJjj 4ûi<Uj lA 

Copper acetate 


Corrosion 

jljji.1 J 

Corrosive reduction 

Jj5v iJ dj1J 

Cornea 

jU. <^«ujjj^ 

Corrosive sublimate 

joJ<U6 djjUlj 

Cosine 

jIj4j 

Cotton wool 

(^jlj^j'7i)ajlj^ (jd.SjJ 

Curve 

*jla<Li. 

Curare 

jUî^ 

Cyclodimerization 

<jj Jj4 ^jjJ <ÛJ4j 

Denaturate 

(j Luj Lj Ij 

Demeton 

jj'i i a i J 

Devirative 

<Gj$jdj 


Cauterant 

j<ldUlj 

Cautchouc 

cJj.uûjj 

Celluloid 

(<LCl>) J_1jjjJjUdU 

Chiral 


Chiral centre 

Jljr^ <l3<(.^. 

Chloroform 


Chemical kinetics 

(^■J 1, 1A 1.*% (^Jl j<LJJ l£ 

Chlorination 


Chloroplatinic acid 

cUlûVj jjjJS cA>» 

Choline 

ÛrJj* 

Cholinestrase 

jj djû-u jrdj^ 

Chronic 

j<l£_> jl£ c j<uU.j_ijj 

Chromophoric group 

JÖjlj i^jjj <^<U<Laj£ 

Cirrosis 

j<L^.a. ^ jj<U j_i_a 

Cis- isomer 

J«<"« jjj tj — j*<“ 

Citric acid 

djjûjj (_j.Ûijj 

Classical mechanics 

dLluu^t£ (^.Ijj l£Li_s 

Classification 

jjj^-jjjjj 

Clamp 


Collodion 

j^jjJj^ 

Collidal solution 

<ja <^djljr^ 
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Electrophile 

jljl* 

Electrode 

j<Luia^ 

Electroconductivity 

^yjjjljtL^ 

Electrophilic replacement 
reaction 

(_j£jJjl£ 

jlj^« Ojj^ 4 ^ 

Emetic 

• V * | V A 

Emission 


Emulsion 


Enantiomer 

j«Laj. >.*>.’> tjqj 

Energy barrier 

*jj (_j.1uu4.Jj4j 

Entangled 

jlailt< y .“ 

Enzyme 


Equilibrium 


Equilibrium constant 

(_j.ij«tuujU Jj^-JL*. 

Equivalent 

IjjU 

Essential amino acid 

LfAP 

Ester 

j<Ullu4j 

Ethanol dehydrogenase 

jj4 j I-u jjJjl^jJ JjjljuU 

Ethazole 

Jij^ 

Ethylene radical 


Ethyl radical 

Jjj4j (jldj 


Dehydroascorbic acid 
Deoxyribonucleic acid 
(DNA) 

«JLu jj.Ai <i«Lj jjJjl^jJ (jûjj 

«%J^Jjjjjjlj (_y«uu£jjJ (juijJ 

Detergent 

jLu^b 

Distance 

(JjJJ^ td jta 

Dispersed 

*jlj^jkj «jIj1jj«Lj 

Diazotization 

jjlj t jJj^jjlj «LlljjJ 

Dichloroethylene 

jrJLjj4j ^JJjji^ 4 jIjjJ 

Diastereotopic 

djjjj jj ijrÇLuu IjU 

Diastereomer 

j«Lojj jrûLuu IjI J 

Dimerization 

jj Jj4^jjJ 

Differentation 

jJj^ 

Dipyron 

jjjjjjlJ 

Disinfectant 

Öj4^ jjj U. . *jJ^ ojjSLua 

Divalent 

jj^jU 4jljjJ 

Double bond 

l? 

Double helix 

ö J^ J u (^ajjJjjJ 

Dose 

j»j3 tfdj tjjj 

Dumbell 

ijjjJ 

Dye 

uSj Jj «4j jj 

Efficiency 

(^Vb. .ûluuujlJJ 
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Function 


Galvanometer 

jj4_o 

Gas burner 


Gastric juice 


Glass bead 

‘^JJ^ (JJjJ* 

Glass rod 

aJûjjj, jJjyi 

Globulin 

jdjjjji^ 

Glucosidase 

1. j 1 c 

Glutamine 

jruj Lj 

Graduated cylinder 

(^«0JjJ 

Group 


Guess 


Heterogenous catalysis 

dd.jjjj^li ^jljjiU ^jjjl^ 

Heterocyclic aldehyde 

cJcjj jj^ tj ^ jj 1$j jJdj 

Hesperidine 


Homogenous catatysis 


Hormone 

(jJAjJA 

Hydrog en bond 

jj^jjJjU ^jj«u 

Hydrogenesulphide 

j^ JjJjU (_£jjJj£j£ 

Identify 

1£jj (^jtjJ . j jj.5 11 iiUjj 

Icombustible 

Oj^uu<Û 


Excess 

d j L j 

Extract 

J lllAjdJ c Li 

Extensibility 

jl«ii£ ^ljlji 

Evolution 

jjjOjdJ 

Eye dropper 

jU- 

Filtrate 


Ferrocene 

ûy-vjj^ 

Filter 

j^H 

Filin 

JljjyJ 

Fibre 

JLiijj 

Float barrier 


Florescence 


Fluctuation 

j<(.j| Jjj4jj4.A ‘(_y.ajjjjj<U 

Folic acid 

dJji (^jj 

Foam pastic 

djjjjj^Lt jjad 

Forward reaction 


Formula 


Formaldehyde 

jjlfj jJUjjs 

Fraction 


Fragment 

jb 

Free energy 

O-i 
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Iso amyl 

Jjuxti jjjlj 

Isoleucine 

jrUjujjJ jjj L> 

Isomer 

j«Ujjjlj 

Isomerism 


Isomerase 


Isopropyl chloride 

Ij (^ojjjJ^ 

Kinetic energy 

°jj ^JJ^ 

Lacquer 


Lactic acid 

d qjujJ 

Laxative 

öj^^jljöj 

Left- handed 


Leucine 

jrUdU jjJ 

Levomycetin 

jrûLuuU LajîuJ 

Light reaction 

dlJjtS ^lûjjj 

Luminol 

Jjjj-iJ 

Lysine 

jruuij « 

Malachite 

^yjuuJ jjJ l jJJj l£ iCjjLuu^Lö 

oij 

Malic acid 

dbJLa jjûûjj 

Magnesia 

^ x L Lyut * 


Indicator 

j^U 

Industrial chemistry 

(^jljul4,<7l VI L >,A >■*% 

Inorganic chemistry 

^yjljj^jlj t >,A >5» 

Interchange 

jjj£jj^jjlj 

Intercept 


Intermediate 

^AJdjtj -(Jbûöjlj 

Internal combustion 
engine 

ö Jujud j|j (j4.j, 

Insertion compound 

jljji>tj tf«Ojjlj 

Insulin 

jjj juujjj 

Insulating material 

j4£jj|j (j»JjLa 

Instantenous velocity 


Interwoven 

jljj j%. 0 j<l£.JJ 

Impregnant 


Impulse 

jljjl “lijjj 

Iodoform 

?jj3jjjj 

Iodine tincture 

Jjj t^«4jf 

Iron (III) chloride 

<• (III) jujulj (JJJjjl^ 

cjjjuju lj (JJJjjl^ 

Iron (II) chloride 

‘(II) jujulj (JJJjjl^ 

jjl^uli ^JJjjl^ 

Iron vitriol 

JuUJ Lj ^jI 
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Nerolin 


Nerve impulse 

4jjj djUdJ 

Nervous cell 

öLk * jL»j 

Nicotine 

Cxîj^iî 

Nicotinamide 

jj U1 i *** » 

Nicotinic acid 


Nicotine adenine 
dinucleotide (NAD) 

Jj QjlJjS- 1 i (jrûûj J<J 

Nicotine adenine 
dinuclotide phosphate 
(NADP) 

^iljjJ (jjLLuujS 

çjj. >.'>■> J4j ^Jjtjjl A Jjj 

Jj U 

Night blindness 

iSJiJ&j^ 

Nitration 

öiöi^ 

Nitronium 

?j±*jsi u 

Novamin sulphon 

jjt l«l < ii jjjUjji 

Nucleus 

djlj 

Oletic acid 

djöjJjj jûjjj 

Opaque 

(jLûjjli 

Operator 


Opsin 

* »f 

Optical antidote 

j J 4.JJ Ljjj 


Mentally 

ijûjA '(SJH 

Mechanism 

(jljjj) ^ Jjdjj l£.JbO Ijkjjjl£_u> 

Mercaptopos 


Mercury (I) chloride 

(S^iJJ^ ‘(I) *Ji^ J^iJj^ 

* V 

JJO* 

Mercury (II) chloride 

(S^iJj^ ‘(II) fiJir* iS^iJj^ 

lIjjjj* 

Metabolism 

djJjl£ djjjj 

Methylene blue dye 

jjjjdû <^«4jj 

Microorganism 

*» *j| 4 V li) 

Mirror image 

*JJ-d<jU (.^yjrfjjjtj t£4jjj 

* V 

*LiJJ 

Molecule 

J jrXÊ 

Molecular orbital method 

Jljjjjjj ÖJ jiÊ (£4.Ê.J j 

Molecular structure 

(J j j^ (^t^j.JJ 

Monomer unit 


Model 


Moment 

jj Luu 

Myosin 

jruuijjLa 

Natural logarithm 


Nembutal 

Jtjyyyad> 
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Petrol 


Peptide bond 


Permeability 

jlJlJ ^bljj 

Permolecular level 


Phenolphthalein 

jrJijU 

Phenacetin 

jruuuuljUbî 

Phenabarbital 

Jlljjjlj jj. >,9 

Photosynthesis 

ji 

Phosphorescence 


Phosphorylation 

4.1. u ^ jjLujjj* <.jj,jjLujja 

Phosgen 

jy^j* <£j& 

Picric acid 


Pinene 


Pi- complex 


Pi- bond 


Pi- electron 

t$4 

Pigment 

jSj^J jj 

Pipette 


Plane 

OjÎ.4jjjj 

Poison 

J-^J 


Optical isomerism 

j-*j‘ u J&i l -‘ ^JJJ 

Optical spectroscopy 

^yjl jSjtUtui 4.JJ Ujj 

Organic chemistry 

jj4j ljuu£ 

Organic acid 


Organic compound 

(j-altûtlj ^4 jjjIj 

Organic glass 

^jI jj4j fj4.Jûjjjj 

Organophosphorus 

(^jl jj4j 4-U jjLuujj 

Overlap 

jjJf ,,J ^ii 

Oxide 

. <y> 

Oxytetracycline 

j^Jdj IjjuI Ijvjj ^JJjujJju 

Pair 

&JJ+ 

Parameter 

j\jj£. Lj\ Jj£ U4j (jS-JjJ 

Paraoxon 

ji^ijij^ 

Parathion 

ûi^U4 

Paralysis 


Path 

j*St> 

Para- aminobenzoic acid 

cJjjjjtU jj. u4j jIjIj 

Para- aminobenzene 
sulphonamide 

jjjj4j j,\, >,j4j~IjLj 

JjLaljjjJttm 

Parrafin 

jjîl jLj 

Pathogen 

i 4j 
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Protective film 


Propylchloride 


Prototype 


Prussian blue 


Pyramid 


Pyramidon 


Pyrazolone 


Pyroracemic acid 

cIjlAJUmU Ij 

Pyruvic acid 

CLJ JJ_> Ij ^ydLÛjJ 

Qualitative 


Qualitative analysis 

(JjJ^- 

Quantitative analysis 

ijji (jaj4.jjjS.juii 

Quantum 

tJJ 

Quantum chemistry 

ij l >,a >5> 

Quantum theory 

j^jjljS (jjjjjx 0*>? 

Quaternary 

LT 0 *-) 1 ^ 

Rate 

LT* 1 ,^ 2 ‘lT* 1 ^ 

Rate constant 

LfîiU^ (JJ^j^ 

Rainbow 

^JtJ 4-SljS 

Reactivate 

djbjjJ 

Receptor 

Oj^jOj 


Potential energy 

ajj <GLa 

Porcelain plate 

LT*^f- LS S< 4‘ ,,: * 

Porphyrin 

jij^jji 

Potassium permanganate 

^jjbuuljjj ^yj 

Polarizer light 

jjjj£j<Luxa4^. 

Polymer 


Polyethylene filrn 

ilj'i Lf^jjj^ 

Polyethylene 

jrdjj4j Jjj 

Polyacrylnitrile 

efejê^* jji 

Polytetrafluoro ethylene 

(JT^tjjAj JjjJi Öjlj^. Jjj 

Polymethyhnethacrylate 

Oj4.1jj£4j Cj_iu> J.jj<U> Jjj 

Polycondensation 

J^.<Ljudji 

Polysaccharide 

c Jjl^<l£<Luu 

Potassium ferrcyanide 

jkjjhbuG jj ^ jjj 14<<i G 

Potassium ferrocyanide 

jk^uLU l*>J * ^ Jjj IjlLUJJlLU Lj 

Potassium dichromate 

(jjLajj^ GljjJ 

Prism 

d jffc* 

Primary structure 

Lpj^O (jjL^-jj 

Probability 

j LjJJI 

Probability density 

jLjji (jjş- 

Propionitrile 
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Rutin 


Saltpeter 


Sandwich 

0 J J.*»«L u 

Salol 


Salicylic acid 

Lui 

Sarin 


Scale 


Scatter 


Sigma bond 

La^-UdU ^ JÛ4.J 

Sigma complex 

i^-uu 

Silicic acid 


Silicate 


Sine 

CÎJ^ 

Singlet 

jL£a 

Sensitivity 

l ii i< 

Sensitizer 

^jli >i 1.4 4l4A 

Sequence 

jjtii 1 j£<Ul jJ<j 

Shell 

Jj<(.J 

Shrink 

CJ<U b J 

Slot 

jj J 

Slope 

(^jV 


Recrystallization 

Öj4i Jj£ jJjjti *j IjJJ J 

Reduced 


Refiect 

0 ;j4~i i-Lj<L>»J 

Regulator 

J^J 

Regular helix 

^tjj 

Resin 


Resite 

O-j Lujljj 

Rest potential 

jliuudj (j.Sj^J 

Resol 

J>“iJ 

Retinol 

cJi^J 

Retinine 

jM-JJblj 

Reversible 

d J4.ÛI jJ ' 

Reversible elasticity 

4.j| J<t.^_LJ 

Rickets 

d /\jd\dK , 

Ribose 

J^'j 

Right- handed 

^.Jd-I^ij 

Rhodopsin 

Û>“*dJ J Jj 

Roll down 

d j4.jaj»J jjJ_i. 

Rodent 

j4_1jJj£ 

Rosin 

J^ 

Rubber band 
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Starch 


Statistical 


Stearic acid 

cL> j l i \ 1 11 j 

Stereo isomer 


Stirring 

jl '< «" <ilû> j^ a j jl >< >" 

Streptocide 

^ 11 t > 111 

Strychnine 

j*j£jjûj< 

Subtraction 

(J 

Sublimation 


Substituent 

Jj^iJi 

Substituted ethylene 


Sulfathalidine 

jjj-JljliJtUdU 

Sulphanilamide 

J-ûl.il4^.i 

Sulphamide 

Jj La Lil<U u 

Sucrose 

-jjj 4-&JJ-U 

Superimpose 


Surface tension 

&JJ& *JJJ 

Surface active agent 

ÖJJj jlj& 

Surfactant 

*jjj jlj^ 

Suspension 


Symmetry 

(£J\ JJJm t Lj j L& 


Smear 

b j4j> iajjilj 

Soak 

J 

Sodium thiosulphate 

?Ji J>- ^JjÊjÊ^Û 

Sodium carbonate 

fJjjjjUJ (_J. J l j JJj 

Sodium nitrite 

fj^JJtJJ (jjjj^jj 

Sodium amobarbitol 

^jjJjjuj J JJJJ J ljJJ4 j 

Sodium phenobarbital 


Soman 

öjjjaj ^jjl^ : jLajj 

Spatial network 

(_yjLij,J Öjjj 

Spectral method 

(_y^.j4j4û< (_^4^.jj 

Sphere 


Spherical symmetry 

(jJ>'■ tsiJ^ (J tjj U 

Spherical coordinates 

j 1£4jj jJ öjö j4j 

Spiral 

gfd Jj>* 

Spiral cylinder 

e^JJ- 1 - £hp u eS^JJ- 1 

gêd Jj>> 

Spontaneous 

jj.4j 

Stain 

4J4J 

Standard electrode 
potential 

(jJ^jl^jj <_£j4jJiJ>4a. (_ySj4j 

Standing wave 



238 


www.pertwk.com 


237 














































Toxic 

crijAOj 

Transitional state 


Transparent polymer 

öjjj (jj^iji 

Trans- isomer 

Lj cjjljj 

Trichlorfon 

jjfjj^'-H 

Turbid 


Two dimensional 

JJJJ^ <»jljjj 

Unsatuated acid 

Jjjlj (jûjjj 

Valine 


Valence 


Vanilin 

jrJLljLS 

Vanadium 

fjjjUls 

Vector 


Vegetable oil 

Lf^JJJ lt’JJ 

Veronal 

ll&JJ* 

Vibration 

0 j<ljjj<U 

Vinyl chloride 

jj>3 (JJJjjl^ 

Visual pigment 

jj»JJ 

Volatile 


Vulcanization 



cLlu jj 4i-u 

Warm- blooded 



Synapse 

4^jj4^ 

Synthetic polymer 

jlj^öJ Lj Lj (^j4jjlJjj 

Tabun 

: jjjU 

Tension 

JjA ‘ j JJtJJ^ 

Tensile force 


Terpentine 

jj Ljj4j j4j 

Terramycin 

(jujulj 1jû 

Tetrahydron 

4ijj ls .JÖj4jî> : jjj jlj^. 

4uuuj^Jujj 

Tetrafluoro ethylene 

jjLjJ^ jjjts Öjlj^. 

Tetraethyl lead (TEL) 

^jSjjS ^jJjj^i öjIj^. 

Thermal motion 

v 

4jljjj4S ,j4jjj^. 

Thermodynamic 

4j L^JlJ ljj 1J jj j4j 

Thiopos 

O-jijjlj 

Thread 

jIj 

Thyme 

j^ 

Thyroid gland 

LT^jj -4iSdjdJ jjjjj 

JjjjjG 

Tie 


Torsion balance 

jjj'j^j ojj^ 

Toluene 
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1:2005 ^Lu *J jl jjZjij (jLSajl^îlb ifjjwûj 



ûAjLj 


jUj 

UIS iijLj 


jpwlww 

JLp-j 

^jLa 

jbUlû (^jVawö: jJLw çuju j jLUJL afl<û 

jljû juû 

JJjj 

jA7 III tjji . j-wU . (jW 

jjûSUû 

454jjj 

jum , 5ûj jj <>x j' 
jww Ijlj - ^ÛLw 
jUtfjX 

jpwLww 

^ûlwjl: <y<u$*j <u )/|j 
^wjLwb ijjajl jU 
( lijyxU ^:j<b<û 


LSjj<U<U jj:j4J4: ^wjLwIj ^jpljtw 
(21) ^::<Ui4i 

jA«A> jjjAAJ 

<Û<UJ<Û 

jjjjLl jjLUjj 

^jU-ûl: 

jAÛIÛ i£)b 

Jiu>LU ûbA> 


/ jjwlû jUjjj.: 
jti«<U >«<Ui.: 

iH»J“ 

__iijS ^Ljji-iU i jyi (JL^ii'iU iSjj£IS 
Jjööf 
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<ULubj 

^ûjuc jj::j:<Ui 

u-jLa 

f>jj JtijjJ)<U| <U ÛJ<Uöj<U V -Û4> 

4iJ<»S jJ;Ac 

c J<u'5f<ujS 

£i jLi .,J 
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^wLw 

jllSljdLWjjjjb jwUjû 

u-jLa 

jlû<LuwLtaw öjjwJ jiliTijA^Ûj 

JUAS jAjAj 

oUj 

^^Sjj :<u<uw 

iijjS 

joJI 

jJLw j U«j:j*( J 

jJÛLjjilj 

juw> .Uftj :Uu .: 

J5UI 


jJÛLAllj ^jbl-ûM: j jbl-û^b 

u24j JXA? 

ijjlwj 

ifiSjS i 

L7"iii 

ûijtauw ^jUjû 

uullû (jfetdjû ljA> 
:<u><û 

UiA? 

^:jaw ^i-tu juaj 


ûuwUw JuJ-ûöjJdJ jLûljS^j- 
jLS<Luj<Ûj::^û 

J<U<Lw :<U><û 
Jw£Uw-Û 

iUj 

JUaS jLw<U 

oSjJÖ 

^j J4 S&ll«a£ 

^>Lj<tf JjLwjS 

i'jiSjJJ 

JjMcJjw ^ <U 

^jLa 

jijjSjijuiöiS 

jjj<U -Lw<L> .: 

^£<UJ<Û 

öjtûaiUj 

jLûû 

ûjLSU: ^jjj 

Jf4X4 jUw 

£b<U jjli 

4JJJ" 

J^afb 

ijûiûû 

i^jfMifjjj 

JÎIU <U<U>- J<L<Lw 

iUj 

taij>jlw JwjUw« 

^ijat 

fljLi jji 

tûaö j'ii? 

^jjLw 

ûjljjUjJj 

W“iii 

Ijjjji 

^ju jiu :<u<um 

^yJjjA jUA> 

j»j;»jj4j 

j-JU (W-jJI Jux jUaj 

^ijit 

:j<Lu$S<ûlj 

:<Uxu jJU ij^u 

j-ûb4Slj 

jjjli.i 

^ijic 

i»:jl^> ^Vaw:: ^^UlS 

ijjj ju<iij<u<û 

j^wlww 

j»US ^jio 

^ijat 

j<LxuoS jjûL 

u<Ui<U taUu<U 

:jl pjA 
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iijjS 

jWl JLÛJai jl Ijûb^dS Jj-jAtw 

lj-!«jûa 

jwLw 

jûj4Jl:^V 

^ijic 

^wljS>4J: ^:LS:jL>j4w 

jSbjj -Llj:lj ^<ÛL> 

iUj 

Ij>bjjl j-Jjjj 

liiajj* 

jLSijSljjf 

jUA> ûjj:j 


jiwtSl jwj:jLS j<ij5aj 

liiajj* 

^UjjSLûjw 

jiujLS jljuLS 

4JJJÛ 

j^'i jj? 

tWjli 

ijöJjai 

( jjjjAu jluij<Û 

i^w UJ<U jS 

Jjöjj 

^jLa 

i^wLÛsUjS jiLSAUjLSjljjS ^iijw: <Uj>S 

jjjsj jJJc jjUi 
j<UA> 

^<UJ<Û 

jjölsjljçjjjöjx 

^ijii 

jU 

u2«lj JX4? 

ijjlwj 

ûjiu^.u.i 

(J"U) 

IbLw <UL> 

jljiSjtfj ^<ÛL> 

^cuLx^Jaj 

Jjwj o^L^ j2jjw 

ifaj»S 

jljnJIÛjJj JjjSJl JLjjKl 

Jjwflj :<L> <û U<û 


JU<Û jLw<U 

^ijic 

oÇJO 

jjj<ub. : 

^ltaûlj 

4“>J“ -ifi-ot 

jjuiûlû 

jljjjAA jj LuwS jlwûlj 

jUxû JUA^ 

4JJJ" 

Jjwöj Jjlû 

ifajjS 

1 £ i^j^SUl uowJI ^LÛS jj/û Jj ûLûwa 

Utac<Lw jjLa :<u^<û 

jWlLtaW 

^jj jLw>l 

^ij-lfi 

j2jjw ^jlJjjj jj :jLw i^jLjj::<iJ 
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dxûldj V <U (UjdS 


jÛSjAj LJjjjjfl 


jW<W« 2jji cjJjjS<U jljSjLS UÎJ 

jjjAû JLuJjvJ 

asamJaî 

jiiIV iiiJjAJ 

^jWAi 

jJuL ^jAj^ 

^ÛjJUA 

asamJaî 

jjjij 

u"jU 

jjJJ>« j^jLjAj 

jjj LAJaUlJUA fljj 
jjJbUII 

jjijjjd 

5jûS5Tûî¥i 

^JdlSidJ 

^jddSjVl jjûJI j£ <Ur ju sJuuaJ jini«> 
ÛJdftJI 

^Jl>« ûaflj 

j'j^j'j 

jîji^ 

u"jli 

jljLljjj ^jjbjjj jlû^l ûj<b- 

jj|j jUjjJ ,»<U 

jdjbdllj 

(fcju- jjUJIjua jum .j 

^ij<U 

jjjSjdjjjjAJ j jdjbdllj ^JujUkIjSj^j J 

JÛUjS jAAj<b- 

jUjj 

ÛLSjjAJ |«J<Lii 

<jJ»J<U 

jLujj 

^jL-AuaSjb jUtf J£ juid’’ 

JJAJ 

jjAJIU jjU 

^ijit 

jlijjljb AjUj<U jdj<U<UûljjjjLl^l 

JL<U- jl7mjjS 

^LJtU^S 

iijjj Jit .1 

^ijit 

yj^j <u <ûLu<uV<ujS ^AjjJjA^ 

2/ 3ijLj 

ûU' j <U<U’- 

^LJaj^S 

iljij ,i 

^ijit 

(jjp iijji« <U <GLuJ<U^<U^ ^Ajj Jjd£ 
5/3l^û 


^LJao^S 

iîljj Jie. .1 

^ijit 

^jji iiijjj <U <ULuJdjV<LjS ^IJjjJjA^ 

( 6 ) ^ljAJ 3ljk 

'j-i'ji 14 

^LJao^S 

jijj J<U .1 

^ijit 

^jji iiijw <U <L)LuJ<uV<UjS ^AjjJjA^ 

( 6 ) ^JAJ ^jSDb 3ljLd 


h2006 iPLudJ jij<uL? 



û<ub 


jUj 

uiiS i^U 

'iwji 14 

taJiiL^ 

ji? jSla .i 

^ijic 

i^dJjw ^jd^jLA tijjLu 

jjûuSjLo jJJjj 

iflisç 

gÛLu <U<U- J<U<Ut« 

iSJjjS 

Kurdish ^jjjS ^ILm ^Sj^ 

Folktales 

^j^JJAJ ^Jii**j<u 

^j<Uj<lj 

jjjbj jbaij?' 

u"jLa 

A7 iii UbJjb i^AsaJAÎ u «iiiJiii^jU 

jL£<Lul5o£ 

^j^jjAJ ^jii*j<L 

^LjjJuiS 

JPÎj jiioii 

u"jLa 

iSjte ^LU<Uj£ 

^IJjjAÛ jSAJiJAJ 

lyiiiû 

iljijjai jj>a 

u"jLa 

(ÛJ ^L^dudiLuU 4J jû jju4S<L 

ibji^ jSAJiJjj 

(Sjjji* 

jjjLuu 

u"jLa 

Jijj-O gy uA ,£<Ubj<Û<Li 

jUlû Ji4J<)J 

uJÎiLu 

j“»ii*%> i i 4 


Aûiiû jSjjJ ^jb 

Ijlic fljiu 

*4S? 

ÛA^iiiu JÛLxu 

Ju"jLa 

^ijic 

jjj ^LSaSj^ 

J<U^<L) (4lL«i« 


JiJS jjjj Jiljj 

u"jLa 

î<Lu? ^bU jbj 

'iwji 11 

tSJJji* 

^LuAL i£^UjJ4w4j 

u"jLa 

jû j<ublû ^LiAjLuuL 

JicjijiS .i 

iJjjJi* 

^liuSJjlj 

uiLûû 

jLSdj^j (jjUjlJijlLÛAAjAtt 

jLuAj JUAS 

tSJJji* 

JiuJj Jj|j 

iSJjjS 

2^ ^JjjSUl ujlmJI £lbS jjj'u jj ûbûu 

jU«<û JUAS 

tfJjJi* 

JiuJj Jj|j 

iijjS 

3 ^ ^jjSUl ujlÛJI ^US jjjû ju ûbûu 

^ulI jja^ 

tSJJji* 

^iblû 'MJiuu<b- 

u"jLa 

JU i JjiS ^JjdÛ ^djdjdjjU 

Jjjj<u liçU 

JÛ 

jliûj <U LLlujJ<LU<U 
i ^LLgU £kU maA? 
iilI aûUA? ^iwlj 

u"jLa 

SjSSijLîjjljj 

uJj<Û <UA^- Uwb 

ûwlJb 

j«^iiji yuîû Jijdjjj 

u"j<* 

^jLSjjUdi ^SjjbjAtf 
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